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ABSTRACT
G ra s s  t e t a n y , a  m ajor m e t a b o l i c  d i s e a s e  o f  r u m i n a n t s ,  I s  c h a r a c ­
t e r i z e d  a s  a  Mg d e f i c i e n c y .  A lth o u g h  s e v e r a l  f a c t o r s  a r e  known t o  
c o n t r i b u t e  t o  a  hypam agnesem ic c o n d i t i o n ,  th e  t r u e  c a u s e  o f  t h i s  d i s e a s e  
re m a in s  o b s c u r e .
A f i e l d  i n v e s t i g a t i o n  was c o n d u c te d  o v e r  a  t h r e e - y e a r  p e r i o d  
(1 9 7 7 -7 9 )  t o  c h a r a c t e r i z e  m i n e r a l  c o n c e n t r a t i o n s  i n  s o i l s  and  f o r a g e s  
u n d e r  t h e  c o n d i t i o n s  o f  g r a s s  t e t a n y .  E lev e n  s i t e s ,  t e n  i n  L o u i s ia n a  
an d  one i n  T e n n e s s e e ,  w ere  i n c lu d e d  i n  t h e  s t u d y .  M in e r a l  l e v e l s  In  t h e  
r u n e n  c o n t e n t s  o f  a n im a l s  t h a t  d i e d  from  g r a s s  t e t a n y  w ere  a l s o  i n v e s t i ­
g a t e d .  C hem ica l a n a l y s i s  showed t h a t  f o r a g e s  w e re  g e n e r a l l y  low i n  
Mg ( < 0 . 2 0 % ) ,  below  37. i n  K, and  h ig h  i n  A1 c o n c e n t r a t i o n .  Alianiman 
v a l u e s  c com o n ly  ra n g e d  from  2 ,0 0 0  t o  8 ,0 0 0  ppm. One l o c a t i o n  was found  
t o  e x ce e d  1 4 ,3 0 0  ppm A l .  Aluminum l e v e l s  were  h i g h l y  v a r i a b l e  and  a 
w ide  r a n g e  o f  v a l u e s  w ere  found  among sa m p l in g  s i t e s  w i t h i n  e a c h  
p a s t u r e .  F o ra g e s  w i t h  h ig h  A l c o n c e n t r a t i o n s  grew on many d i f f e r e n t  
s o i l  t y p e s  w h ich  ra n g e d  i n  pH from  5 .1  t o  7 . 3 .  E x c h a n g ea b le  Al was n o t  
d e t e c t e d  i n  t h e  s o i l  s u r f a c e  h o r i z o n s  ( 0 - 8  cm ). C o n d i t io n s  o f  h i g h  
s o i l  m o i s tu r e  w ere  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  h ig h  A l a c c u m u la t io n  
by f o r a g e s .  Rtaaen c o n t e n t s  o f  dead  t e t a n y  a n im a l s  c o n t a i n e d  an  a v e r a g e  
o f  2373 ppm A l ,  more th a n  f i v e  t im e s  t h e  l e v e l  found  i n  n o rm a l f l s t u ­
l a t e d  c a t t l e  g r a z i n g  u n d e r  n o n - t e t a n y  c o n d i t i o n s .
G ra a s  t e t a n y  o f t e n  o c c u r s  on w e t s o i l s  and  f o l l o w i n g  a  p e r i o d  
o f  c o ld  t e m p e r a t u r e ,  o c c u r r i n g  f i v e  d a y s  a f t e r  t h e  mean t e m p e r a t u r e  
r i s e s  above  14 C. A g re e n h o u se  e x p e r im e n t  w i th  two s o i l s  and  f i v e
x
m o i s t u r e  l e v e l s  showed t h a t  r y e g r a s s ,  L o l iu m  m u l t i f l o r u m .  Lam. c u l t i v a r  
G u l f ,  grown on ponded  s o i l  m o i s t u r e  c o n d i t i o n s  c o n t a i n e d  h i g h e r  c o n c e n ­
t r a t i o n s  o f  A l ,  r e g a r d l e s s  o f  s o i l  t y p e ,  t h a n  f o r a g e  grow n u n d e r  d r i e r  
s o i l  c o n d i t i o n s .  G row th  cham ber s t u d i e s  showed t h a t  p l a n t s  e x p o se d  t o  
0 -3  C t e m p e r a t u r e s  a c c u m u la te d  m ore A l f o l l o w i n g  a  r i s e  i n  t e m p e r a t u r e  
a b o v e  14 C t h a n  p l a n t s  e x p o se d  t o  7 -11  o r  8 -1 2  C. Aluminum c o n c e n t r a ­
t i o n  b e g a n  a  l i n e a r  I n c r e a s e  tw o d a y s  a f t e r  t h e  r i s e  i n  t e m p e r a t u r e  an d  
c o n t i n u e d  th r o u g h  t h e  e i g h t - d a y  s a m p l in g  p e r i o d  w h i l e  Mg c e a s e d  t o  
i n c r e a s e  a f t e r  d a y  f o u r .
F o r a g e  A l c o n c e n t r a t i o n s ,  s o i l  m o i s t u r e ,  s o i l  t e m p e r a t u r e  and  
a i r  t e m p e r a t u r e  w e re  m o n i to r e d  d u r i n g  t h e  t e t a n y  s e a s o n  a t  f o u r  s i t e s  
w i t h i n  a  t e t a n y - p r o n e  p a s t u r e .  Alum inum  c o n c e n t r a t i o n s  e x c e e d e d  1 , 0 0 0  
ppm a t  o n ly  one s i t e ,  t h e  o n ly  s i t e  u n d e r  ponded  m o i s t u r e  c o n d i t i o n s .  
T h i s  h i g h  c o n c e n t r a t i o n  o c c u r r e d  s e v e n  d a y s  a f t e r  t h e  s o i l  t e m p e r a t u r e  
r o s e  fro m  3 C t o  a b o v e  14 C.
I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  a d u l t  r u m i n a n t s  a r e  h i g h l y  d e p e n ­
d e n t  upon  d i e t a r y  I n t a k e  an d  a b s o r p t i o n  f o r  m a in te n a n c e  o f  Mg b a l a n c e .  
T h e r e f o r e ,  a n  i n  v i t r o  s t u d y  was d e s i g n e d  t o  d e t e r m in e  t h e  e f f e c t s  o f  
A l  and  Mn on t h e  s o l u b i l i t y  o f  Mg and  Ca i n  v a r i o u s  c o m b in a t io n s  o f  
rum en f l u i d ,  r y e g r a s s  and  b u f f e r  s o l u t i o n .  S even  t r e a t m e n t s  w e re  u s e d :  
c o n t r o l ,  1 ,0 0 0  an d  2 , 0 0 0  ppm Mn, 4 ,0 0 0  an d  8 ,0 0 0  ppm A l ,  1 ,0 0 0  ppm Mn 
p l u s  4 ,0 0 0  ppm A l ,  and  2 ,0 0 0  ppm Mn p l u s  8 ,0 0 0  ppm A l .  L e v e l s  w e re  
c a l c u l a t e d  a s  ppm i n  f o r a g e  d r y  m a t t e r .  A f t e r  48 h o u r s  o f  i n c u b a t i o n ,
a d d ed  A l h ad  r e d u c e d  Mg i n  s o l u t i o n  by 56% and  Ca by  74%. M anganese
re d u c e d  Ca s o l u b i l i t y  when a d d ed  a l o n e  b u t  had  no  e f f e c t  on  Mg o r  Ca
when a d d ed  w i t h  A l .  An i n  v i v o  e x p e r im e n t  was d e s ig n e d  t o  i n v e s t i g a t e
t h e  e f f e c t  o f  I n g e s t e d  Al on ser ion  Mg and  C a . F o u r  f l s t u l a t e d  s t e e r s ,
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m a in t a i n e d  on bexmuda g r a s s  h a y ,  w ere  u s e d  i n  t h e  L a t i n  S quare  e x p e r t *  
m e n t .  F o u r  t r e a t m e n t s  w ere  a d m i n i s t e r e d  once  d a i l y :  c o n t r o l ,  4 ,0 0 0
ppm A l ,  2 ,0 0 0  ppm Mn, and  4 ,0 0 0  ppm Al p l u s  2 ,0 0 0  ppm Mn, c a l c u l a t e d  
a s  ppm o f  d a l l y  f e e d  i n t a k e .  Serum Mg l e v e l s  i n  t h e  A l t r e a t e d  
s t e e r s  d ro p p ed  w i t h i n  24 h o u r s  a f t e r  t r e a t m e n t s  b eg an  and  d e c l i n e d  
327. by t h e  en d  o f  f o u r  d a y s .  A f t e r  t r e a t m e n t s  w ere  d i s c o n t i n u e d ,  
s e r u n  Mg l e v e l s  r e t u r n e d  t o  n o rm a l .  M anganese had  no  s i g n i f i c a n t  
e f f e c t  on serum  Mg l e v e l .
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INTRODUCTION
G ra s s  t e t a n y  i s  a  m a jo r  m e t a b o l i c  d i s e a s e  o f  ru m in a n t  a n im a l s  
an  a  c o o l 'S e a s o n  f o r a g e  d i e t  and  i s  c h a r a c t e r i z e d  a s  a Mg d e f i c i e n c y  o f  
s u f f i c i e n t  m a g n i tu d e  t h a t  t h e  a n im a l  e x h i b i t s  c l i n i c a l  sym ptom s. A lth o u g h  
a  hypom agnesem ic c o n d i t i o n  c an  be p r e c i p i t a t e d  by a n  a b s o l u t e  l a c k  o f  
Mg I n t a k e ,  a n im a l s  s u f f e r i n g  a c u t e  symptoms o f  g r a s s  t e t a n y  o f t e n  h av e  
a  d i e t a r y  l e v e l  o f  Mg t h a t  would n o rm a l ly  be c o n s i d e r e d  e n t i r e l y  
a d e q u a t e .  S u p p le m e n tin g  t h e  a n im a l  w i t h  a d d i t i o n a l  Mg p r o v id e s  a  m easu re  
o f  p r o t e c t i o n  b u t  a  l e v e l  a d e q u a te  f o r  p r e v e n t i o n  i s  o f t e n  d i f f i c u l t  o r  
I m p r a c t i c a l  t o  I n s u r e .  S u b c l i n i c a l  hypom agnesem ia may go c o m p le te ly  
u n n o t i c e d .  W ith  i t s  p o t e n t i a l  f o r  l i m i t i n g  th e  p r o d u c t i v e  c a p a c i t y  o f  
t h e  a n im a l ,  t h i s  may be a s  im p o r t a n t  e c o n o m ic a l ly  a s  th e  p ro b lem  o f  
g r a s s  t e t a n y  I t s e l f .
A g r e a t  d e a l  i s  known a b o u t  t h e  p a th o lo g y  o f  g r a s s  t e t a n y .  Re­
s e a r c h e r s  have  shown a  number o f  f a c t o r s  w h ich  a f f e c t  b o th  t h e  l e v e l  o f  
Mg i n  f o r a g e s  an d  i t s  u t i l i z a t i o n  by t h e  a n i m a l .  However, no f a c t o r s  o r  
c o m b in a t io n s  o f  f a c t o r s  have e v e r  been  shown t o  c a u s e  g r a s s  t e t a n y  t o  
o c c u r  i n  a  r e p e a t a b l e  an d  p r e d i c t a b l e  m an n er .  I t  I s  s u g g e s t e d  by some 
t o  hav e  no  s i n g l e  c a u s i t i v e  a g e n t ,  b e in g  i n s t e a d  th e  r e s u l t  o f  an  im ­
b a l a n c e  among s e v e r a l  d i f f e r e n t  and  v a r i a b l e  c o m b in a t io n s  o f  n u t r i t i o n a l  
and  p h y s i o l o g i c a l  I n f l u e n c e s .  The p o s s i b i l i t y  r e m a in s ,  h o w e v er ,  f o r  t h e  
e x i s t e n c e  o f  some k e y ,  c e n t r a l  f a c t o r  w h ic h  by  i t s e l f  i s  s u f f i c i e n t  t o  
c a u s e  g r a s s  t e t a n y .  Under f i e l d  c o n d i t i o n s  i t s  e f f e c t  c o u ld  u n d o u b te d ly  
be e n h an ced  by th e  p r e s e n c e  o f  one o r  more c o n t r i b u t o r y  f a c t o r s .
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S u c c e s s f u l  t r e a t m e n t  o f  t h i s  d i s e a s e  m u s t  l i e  somewhere b e tw e e n  
i n c r e a s i n g  t h e  t o t a l  am ount o f  Mg a v a i l a b l e  f o r  a n im a l  c o n su m p t io n  an d  
d e c r e a s i n g  t h e  c o l l e c t i v e  c o u n t e r b a l a n c i n g  i n f l u e n c e s  c a p a b l e  o f  r e ­
d u c in g  Mg u t i l i z a t i o n .  B ased  on t h i s  p r e m is e  t h e  o b j e c t i v e s  o f  t h i s  
r e s e a r c h  w e re  t w o - f o l d :  (1 )  t o  s t u d y  t h e  f e a s i b i l i t y  o f  r a i s i n g  t h e  Mg
s t a t u s  o f  c o o l - s e a s o n  f o r a g e s  t h r o u g h  t h e  u s e  o f  p h o s p h a te  f e r t i l i z e r s  
a n d  i n c r e a s e d  p l a n t  r o o t  i n f e c t i o n  w i t h  e n d a m y c o r r h i z a l  f u n g i ,  and  ( 2 ) 
t o  i n v e s t i g a t e  t h e  c o n c e n t r a t i o n  o f  m i n e r a l s  p r e s e n t  i n  f o r a g e s ,  s o i l s  
a n d  r u n e n  c o n t e n t s  u n d e r  t h e  c o n d i t i o n s  w h ic h  c a u s e  g r a s s  t e t a n y .  
H o p e f u l l y  t h e s e  i n v e s t i g a t i o n s  w o u ld  a l l o w  i d e n t i f i c a t i o n  o f  im b a la n c e s  
c a p a b l e  o f  c o n t r i b u t i n g  t o  d e p r e s s e d  u t i l i z a t i o n  o f  d i e t a r y  Mg by  t h e  
r u m in a n t  a n i m a l .  M anganese  and  A l  w e re  s t u d i e d  i n  a  s e r i e s  o f  g r e e n ­
h o u s e ,  g ro w th  c h a m b e r ,  f i e l d ,  i n  v i t r o  an d  a n im a l  e x p e r i m e n t s  i n  o r d e r  
t o  e l u c i d a t e  t h e  c o n d i t i o n s  u n d e r  w h ic h  t h e y  w e re  a c c u m u la te d  by  f o r a g e s  
and  t h e i r  p o t e n t i a l  f o r  i n t e r f e r r i n g  w i t h  Mg b a l a n c e  w i t h i n  t h e  a n i m a l .
LITERATURE REVIEW
The m e ta b o l i c  d i s o r d e r  o£ ru m in a n t  a n im a l s  known a s  g r a s s  t e t a n y  
i s ,  a s  t h e  a n im a l  t r a n s l a t e s  i t ,  a m agnesium d e f i c i e n c y  and  i s  c h a r a c ­
t e r i z e d  by a b n o rm a l ly  low l e v e l s  o f  b lo o d  serum  Mg. F a r  from  a  s im p le  
l a c k  o f  Mg i n t a k e ,  t h e  c a u se  o f  t h i s  d i s o r d e r  h a s  been  th e  s u b j e c t  o f  
i n v e s t i g a t i o n  f o r  o v e r  one h u n d red  y e a r s .
G ra s s  t e t a n y  h a s  been  r e p o r t e d  i n  many p a r t s  o f  t h e  w o rld  
i n c l u d i n g  G r e a t  B r i t a i n ,  Germany, S c o t l a n d ,  The N e t h e r l a n d s ,  A u s t r a l i a ,  
New Z e a la n d ,  F r a n c e ,  S c a n d in a v i a ,  I r e l a n d ,  B e lg iu m , A r g e n t i n a ,  and  th e  
U n i te d  S t a t e s  and i s  r e s p o n s i b l e  f o r  a  c o n s i d e r a b l e  p o r t i o n  o f  th e  
l o s s e s  from  m e ta b o l i c  d i s e a s e s .  Commonly c a l l e d  g r a s s  t e t a n y ,  i t  i s  
a l s o  known a s  hypomagnesemic t e t a n y ,  g r a s s  s t a g g e r s ,  w heat p a s t u r e  
p o i s o n i n g ,  l a c t a t i o n  t e t a n y ,  H e re f o rd  d i s e a s e ,  s p r i n g  t e t a n y  and 
K o p z ie k te  ( U ,26 ,3 3 ,6 9 )  .
C l i n i c a l  symptoms o f  g r a s s  t e t a n y  a r e  th o s e  o f  n e rv o u s  a p p r e ­
h e n s i o n ,  l o s s  o f  a p p e t i t e ,  s t i f f  and s t i l t e d  movement, s t a g g e r i n g  when 
w a lk in g ,  t w i t c h i n g  o f  th e  m u s c l e s ,  e s p e c i a l l y  a b o u t  th e  f a c e  and e a r s ,  
p r o f u s e  s a l i v a t i o n  and  g r i n d i n g  o f  th e  t e e t h .  The t h i r d  e y e l i d  w i l l  
p r o t r u d e  o r  f l i c k e r  a s  i n  t e t a n u s .  V i o l e n t  c o n v u l s i o n s  may d e v e lo p  
w i t h i n  h o u r s  o r  day s  l e a d i n g  t o  coma and d e a t h .  Chances o f  r e c o v e r y  a r e  
much g r e a t e r  i f  t r e a t m e n t  i s  begun b e f o r e  th e  a n im a l  i s  i n  t h e  com atose  
s t a t e .  D ia g n o s i s  by c l i n i c a l  symptoms a lo n e  i s  d i f f i c u l t .  I n  th e  f i e l d  
t h e  e a r l y  symptoms c l o s e l y  re s e m b le  t h o s e  o f  k e t o s i s ,  p r u s s i c  a c i d  
p o i s o n i n g ,  m i lk  f e v e r  and  n i t r a t e  p o i s o n i n g .  A more p o s i t i v e  d i a g n o s i s  
c an  be made on t h e  b a s i s  o f  serum  Mg l e v e l s  ( 1 6 , 2 5 ,7 8 ,1 0 8 ,1 1 4 ) .
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Low b lo o d  Mg I s  a  n e c e s s a r y  p r e r e q u i s i t e  c o n d i t i o n  b u t  a n im a l s  
may be  hypom agnesenilc  w i t h o u t  d e v e l o p i n g  c l i n i c a l  symptoms o f  g r a s s  
t e t a n y  ( 1 , 8 , 3 3 , 1 0 1 ) ,  Low s e n a s  Mg l e v e l s  w e re  f i r s t  r e l a t e d  t o  t h e  
d i s e a s e  by  S J o l le m a  i n  t h e  N e t h e r l a n d s  i n  1928 ( 9 4 , 9 5 ) .  C ro o k sh an k  
a n d  Sims (1 3 )  i n  a  s t u d y  o f  s i x t y  a n im a l s  w i t h  w h e a t  p a s t u r e  p o i s o n i n g  
found  a n  a v e r a g e  serum  Mg l e v e l  o f  1 3 .5  -  7 .5  ppm. M eyer (7 0 )  c l a s s i ­
f i e d  a n i m a l s  n o rm a l  a t  18-32  ppm Mg, s l i g h t l y  h y p c o a g n e s e m lc  a t  12 -18  
ppm and  s e v e r e l y  h y p a n a g n e se m ic  a t  l e s s  t h a n  12 ppm. S t o r r y  an d  Rook 
(9 9 )  fo u n d  serum  Mg l e v e l s  o f  1 0 -1 5  ppm i n  a n im a l s  a p p r o a c h i n g  t e t a n y .  
P a u l i  a n d  A l l s o p  (8 1 )  fo u n d  t h e  o n s e t  o f  c l i n i c a l  t e t a n y  symptoms t o  
be more c l o s e l y  r e l a t e d  t o  low Mg l e v e l s  i n  t h e  c e r e b r o s p i n a l  f l u i d  
t h a n  w i t h  low se ru m  Mg.
Hypomagnesemia i s  o f t e n  a c c o m p a n ie d  by h y p o c a lc e m ia ,  i n  s p i t e  
o f  a n  a p p a r e n t l y  a d e q u a t e  I n t a k e  o f  b o th  Ca and  V i ta m in  D. F o rb es-  
(2 7 )  fo u n d  s e r u n  Ca l e v e l s  i n  t e t a n y  cows s i g n i f i c a n t l y  lo w e r  ( P < 0 . 0 1 )  
t h a n  i n  n o rm a l  co w s , w i t h  h y p o c a lc e m ia  p r e s e n t  i n  88% o f  t h e  cows d i a g ­
n o se d  w i t h  g r a s s  t e t a n y .  C o r r e c t i o n  o f  t h e  c o n d i t i o n  i s  s o l e l y  d e p e n d e n t  
u p o n  r e s t o r i n g  Mg. When Mg l e v e l s  a r e  r e s t o r e d ,  t h e  h y p o c a lc e m ia ,  a f t e r  
a  l a g  p e r i o d ,  r e t u r n s  t o  n o r m a l .  I n f u s i o n  w i t h  Ca a l o n e  r e s u l t s  i n  i n ­
c r e a s e d  serum  Ca o n l y  a s  lo n g  a s  t h e  i n f u s i o n  l a s t s .  I t  h a s  b e e n  s u g ­
g e s t e d  t h a t  c l i n i c a l  t e t a n y  o c c u r s  a s  a  r e s u l t  o f  d i s t u r b a n c e  o f  Ca 
m e ta b o l i s m  b r o u g h t  a b o u t  by  s e v e r e  hypom agnesem ia  ( 2 , 1 1 , 1 9 , 3 6 , 3 7 , 4 1 , 5 3 ,  
5 4 , 6 0 , 6 8 , 1 0 2 ) .
S t u d i e s  o f  Mg d e c l c l e n c l e s  w i t h  v a r i o u s  s p e c i e s  s u g g e s t  t h a t  
t h e  l e v e l  and  s t a g e  o f  d e f i c i e n c y  I n f l u e n c e s  t h e  e t i o l o g y  o f  g r a s s  
t e t a n y .  T h e re  i s  a n  a p p a r e n t  f a i l u r e  t o  m o b i l i z e  Ca from  t h e  b o n e s ,  
du e  p e r h a p s  t o  t h e  d e v e lo p m e n t  o f  r e s i s t a n c e  t o  t h e  p a r a t h y r o i d  hormone
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(PTH) w h ic h  i s  noc u s u a l l y  e l e v a t e d  I n s p i t e  o f  low Ca b lo o d  l e v e l s .  At 
c e r t a i n  s t a g e s  o f  Mg d e f i c i e n c y  I n  some i n d i v i d u a l s  PTH e l e v a t i o n  d o e s  
o c c u r .  H ow ever , s e r tsn  Ca l e v e l s  r e m a in  d e p r e s s e d ,  i n d i c a t i n g  a  r e s i s ­
t a n c e  t o  t h i s  h o rm o n e . O th e r  s u b j e c t s  hav e  n o rm a l  o r  low PTH l e v e l s ,  
i n d i c a t i n g  i n a d e q u a t e  p r o d u c t i o n  o f  PTH. T h e re  i s  t h e r e f o r e ,  a  f a i l u r e  
o f  t h e  PTH m echan ism  a t  tw o l e v e l s  i n  m a i n t a i n i n g  Ca h o m e o s t a s i s .  I t  
a p p e a r s  t h a t  Mg f a c i l i t a t e s  t h e  r e l e a s e  o f  Ca fro m  b o n e  i n  t h e  p r e s e n c e  
o f  a d e q u a t e  a m o u n ts  o f  v i t a m i n  D and  PTH. A f t e r  Mg i s  a d m i n i s t e r e d ,
PTH s e c r e t i o n  I n c r e a s e s  a f t e r  a  l a g  p e r i o d  w h ich  may e x t e n d  o v e r  s e v e r a l  
d a y s .  A r i s e  i n  s e ru m  Ca f o l l o w s  t h e  I n c r e a s e  i n  PTH. T h i s  l a g  
p r e s i a n a b ly  i s  t h e  t im e  r e q u i r e d  f o r  Mg i o n s  t o  e n t e r  t h e  h y d r a t i o n  
s h e l l  o f  b o n e ,  p e r m i t t i n g  Ca e x c h a n g e  t o  b e g i n  ( 1 5 , 2 2 , 2 5 , 6 7 , 9 2 ) .
U nder n o rm a l  c o n d i t i o n s  a  r e l a t i v e l y  c o n s t a n t  l e v e l  o f  Mg i s  
m a i n t a i n e d  i n  t h e  a n im a l  b o d y ,  p r i m a r i l y  by  u r i n a r y  e x c r e t i o n  o f  
e x c e s s e s  an d  a v i d  c o n s e r v a t i o n  b y  t h e  k i d n e y s  d u r i n g  t im e s  o f  i n s u f f i ­
c i e n c y .  M agnesium  e x c r e t i o n  th r o u g h  t h e  k id n e y s  s t o p s  when b lo o d  l e v e l s  
r e a c h  a b o u t  18 ppm Mg. Above t h i s  r e n a l  t h r e s h o l d  t h e r e  i s  a  l i n e a r  
r e l a t i o n s h i p  b e tw e e n  b lo o d  p la sm a  Mg l e v e l s  and  u r i n a r y  Mg l e v e l s .  
C l i n i c a l  symptoms o f  g r a s s  t e t a n y  hav e  b e en  o b s e r v e d  t o  be p r e c e d e d  by  
a  d e c r e a s e  t o  z e r o  o f  u r i n a r y  Mg ( 3 3 , 3 5 , 4 9 , 8 6 , 9 9 ) .
The d e f e n s e  a g a i n s t  d e f i c i e n c y  i n  n a n i n a n t s  i s  much l e s s  e f f e c ­
t i v e  t h a n  t h e  d e f e n s e  a g a i n s t  e x c e s s .  I n  t h e  a d u l t ,  Mg i s  n o t  m o b i­
l i z e d  from  body  r e s e r v e s  ( b o n e s )  a t  a  s u f f i c i e n t  r a t e  t o  c o m p e n sa te  f o r  
d i e t a r y  d e f i c i e n c y ,  a s  i n d i c a t e d  by s h a r p  d r o p s  i n  b o t h  u r i n a r y  and  
se ru m  Mg l e v e l s  when i n t a k e  i s  d e p r e s s e d .  I n  young a n i m a l s ,  bone  Mg 
c a n  be  m o b i l i z e d  t o  a  c o n s i d e r a b l e  e x t e n t ,  307. o r  m o re ,  b u t  t h e  a d u l t
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I s  h i g h l y  d e p e n d e n t  upon i n t a k e  and  a b s o r p t i o n  ( 1 1 , 6 8 , 7 7 ) .  The a b s o r p ­
t i o n  r a t e  i n  r u m in a n ts  i s  i n  t h e  o r d e r  o f  5-30% ( 2 6 , 7 1 ) .  R ec e n t  work 
h a s  i n d i c a t e d  t h a t  t h e  m a jo r  s i t e  o f  Mg a b s o r p t i o n  i n  t h e  ru m in a n t  i s  
b e f o r e  t h e  p y lo r u s  ( 2 , 4 , 3 2 , 5 0 , 7 1 , 8 2 , 8 5 ) .  The w ork  o f  Tomas and P o t t e r  
(106 )  and  F i e l d  and Munro (2 4 )  i n d i c a t e  t h a t  m ost o f  t h e  Mg a b s o r p t i o n  
o c c u r s  i n  t h e  r e t l c u l o - r u m e n  and t h a t  t h e  abomasum do es  n o t  a p p e a r  t o  
be  a n  im p o r t a n t  s i t e .
I n  m o n o g a s t r i e s , t h e  p r i n c i p a l  a b s o r p t i o n  s i t e s  a p p e a r  t o  be 
c e r t a i n  s e c t i o n s  o f  t h e  s m a l l  I n t e s t i n e .  B ecause  o f  t h e  d i f f e r e n c e s  
i n  a b s o r p t i o n  s i t e s ,  i n f o r m a t i o n  on Mg a b s o r p t i o n  worked o u t  on l a b o r a ­
t o r y  a n im a l s  c an  n o t  be  a p p l i e d  t o  r u m in a n ts  ( 2 6 , 7 1 ) .  M a r te n s ,  e t  a l .  
(6 1 )  s u g g e s t e d  t h a t  Mg t r a n s f e r  th r o u g h  rumen m ucosa c a n  n o t  be a d e ­
q u a t e l y  e x p l a i n e d  by s im p le  d i f f u s i o n  and  t h a t  u p ta k e  and  t r a n s f e r  may 
o c c u r  by  two d i f f e r e n t  and  s e e m in g ly  In d e p e n d e n t  p r o c e s s e s .
G ra s s  t e t a n y  i s  m ost o f t e n  o b s e rv e d  i n  o l d e r ,  fe m a le  ru m in a n ts  
i n  t h e  e a r l y  s t a g e s  o f  l a c t a t i o n .  T e ta n y  c a n  o c c u r  i n  l a c t a t i n g  
a n im a l s  o f  a n y  a g e ,  h o w ev er ,  a s  w e l l  a s  a n im a ls  i n  l a t e  s t a g e s  o f  
p re g n a n c y .  P reg n a n c y  i n c r e a s e s  t h e  a n i m a l s '  Mg r e q u i r e m e n t  a b o u t  
tw e n ty  p e r c e n t  and l a c t a t i o n  by a s  much a s  2 -4  t im e s  t h e  d a l l y  r e q u i r e ­
m ent o f  t h e  n o n - p r e g n a n t ,  n o n - l a c t a t l n g  fe m a le  (4 3 )  and  i s  u n d o u b te d ly  
a  f a c t o r  i n  t h e  e t i o l o g y  o f  t h e  d i s e a s e .  Ewes w i t h  tw in  lambs a r e  more 
t e t a n y  p ro n e  th a n  th o s e  w i t h  s i n g l e  b i r t h s  ( 3 8 ,1 0 9 ) .  I t  h a s  b e en  
r e p o r t e d  i n  a l l  E u ropean  b r e e d s  o f  b e e f  and  d a i r y  a n im a l s  and  h a s  b een  
r e p o r t e d  i n  s t e e r s  ( 3 9 ) .
B eeson (3 )  and  Salmon (9 1 )  hav e  re v ie w e d  s o i l  Mg. C o o p e r ,  e t
7
a l .  (1 2 )  hav e  r e v ie w e d  r e l a t i o n s h i p s  o f  s o l i  and  p l a n t  Mg. G r u n e s ,  e t  
a l .  (3 3 )  h a v e  r e v ie w e d  t h e  l i t e r a t u r e  c o n c e r n i n g  Mg I n  s o i l s ,  p l a n t s  and  
a n l m a I s .
T e ta n y  p a s t u r e s  a r e  o f t e n  c h a r a c t e r i z e d  a s  b e i n g  h ig h  i n  f o r a g e  
l e v e l s  o f  K, h ig h  i n  N, b e low  0.27% Mg, h a v in g  a  K /(C a  +  Mg) r a t i o  o f  
g r e a t e r  t h a n  2 . 2 ,  low i n  N a, h i g h  i n  t r a n s - a c o n i t a t e  an d  c i t r i c  a c i d ,  
a n d  low i n  w a t e r  s o l u a b l e  c a r b o h y d r a t e s .  [S ee  r e v i e w s  by  B u t l e r  ( 8 ) ,  
D i s h l n g t o n  ( 1 9 ) ,  G r u n e s ,  e t  a l .  ( 3 3 ) ,  Kemp ( 4 7 ) ,  Kemp and ' t  H a r t  ( 4 8 ) ,  
M ay la n d ,  e t  a l .  ( 6 2 ) ,  M e ts o n ,  e t  a l .  ( 6 9 ) ,  S t u a r t ,  e t  a l .  (1 0 0 )  and  
V o i s i n  ( 1 1 2 ) ] .
I n  g e n e r a l ,  a t t e m p t s  t o  r e l a t e  s o i l  Mg l e v e l s  t o  p l a n t  Mg l e v e l s  
h av e  b e en  o f  o n ly  l i m i t e d  s u c c e s s .  The Mg s u p p l y i n g  c a p a c i t y  o f  a  s o i l  
may be  l i m i t e d  n o t  o n ly  by t h e  a b s o l u t e  am ount p r e s e n t ,  b u t  a l s o  by  i n ­
s u f f i c i e n t  r a t e s  o f  s o l u t i o n ,  e n h a n c e d  l e a c h i n g ,  o r  I n s u f f i c i e n t  r a t e  
o f  a b s o r p t i o n  by  p l a n t s  due  t o  e x c e s s e s  o f  c a t i o n s  su c h  a s  K, N a, Mn,
C a ,  o r  NH^ ( 1 2 , 3 3 , 3 6 , 6 4 ) .  M agnesium  f e r t i l i z e r s  a r e  g e n e r a l l y  u n s u c ­
c e s s f u l  i n  r a i s i n g  f o r a g e  Mg l e v e l s  a s  a  m eans o f  p r e v e n t i n g  g r a s s  
t e t a n y .  F o r a g e s ,  grow n on s o i l s  t h a t  a r e  d e f i c i e n t  i n  Mg, may r e s p o n d  
t o  Mg f e r t i l i z e r  a p p l i c a t i o n s ,  h o w ev er  ( 3 3 , 6 3 , 6 5 ) .
The w ork  o f  s e v e r a l  i n v e s t i g a t o r s  i n d i c a t e s  t h a t  Mg a c t s  a s  a  
c a r r i e r  f o r  p h o s p h o ru s  and  t h a t  i n c r e a s i n g  s u p p l i e s  o f  one w i l l  r e s u l t  
i n  a n  i n c r e a s e d  p l a n t  c o n t e n t  o f  t h e  o t h e r  ( 3 1 , 9 0 , 1 0 7 ) .  G i l l i n g h a m  
and  Page (3 1 )  fo u n d  Mg u p t a k e  t o  be i n c r e a s e d  by  NO3 , SO4  a n d  PO4  b u t  
n o t  by  Cl i o n s .  R u s s e l l  (9 0 )  I n d i c a t e d  t h a t  t h e  P c o n t e n t  o f  a  c ro p  
c a n  so m e t im es  be  I n c r e a s e d  by  a d d in g  a  Mg f e r t i l i z e r .
I t  h a s  b e e n  known f o r  same t im e  t h a t  th e  i n f e c t i o n  o f  t r e e  r o o t s
by  e c t o t c o p i c  m y c o r r h i z a  f u n g i  p ro m o te s  P a b s o r p t i o n  from s o i l s  (7 ,
3 4 ) .  I t  h a s  m ore r e c e n t l y  b e en  shown t h a t  e n d o t r o p l c  m y c o r r h i z a  a r e  
w id e s p r e a d  on  c ro p  r o o t s  and  t h a t  t h e i r  e f f e c t  on p ro m o t in g  P 
a b s o r p t i o n  c a n  be q u i t e  l a r g e  ( 3 0 , 7 6 , 1 0 5 ) .  F o l i a g e  c o n t e n t  o f  o t h e r  
e l e m e n t s  i n c l u d i n g  N, K, C a, Na, Mg, F e , Mn, Cu, B, Zn, and  Al h a s  b e e n  
shown t o  d i f f e r  b e tw e e n  m y c o r r h l z a l  and  n o n - m y c o r r h i z a l  p l a n t s  ( 7 6 , 8 8 ) .  
M osse (7 6 )  r e p o r t e d  d i f f e r e n c e s  t o  b e  i n c o n s i s t e n t  w i t h  t h e  e x c e p t i o n  
o f  Cu w h ic h  was g e n e r a l l y  h i g h e r  and  Mn w h ic h  was g e n e r a l l y  lo w er  i n  
m y c o r r h i z a 1 p l a n t s .  H o le v as  (4 2 )  r e p o r t e d  a n  i n c r e a s e  i n  P and  Mg and 
a  lo w e r in g  o f  K i n  t h e  l e a v e s  o f  s t r a w b e r r y  p l a n t s  when th e  r o o t s  w ere  
i n f e c t e d  w i t h  v e s i c u l a r - a r b u s c u l a r  m y c o r r h i z a .
V e s i c u l a r - a r b u s c u l a r  m y c o r r h i z a  a r e  p r e s e n t  i n  m o s t  h a b i t a t s  
a n d  a r e  found  i n  m ost s p e c i e s  o f  t h e  f a m i l y  G ra m in e a e .  The e x c e p t i o n s
a r e  g r a s s e s  t h a t  grow i n  v e r y  w et s o i l s .  Such p l a n t s  may become
m y c o r r h l z a l  i f  t h e y  a r e  t r a n s p l a n t e d  i n t o  a  w e I I - d r a i n e d  s o i l .  M ycor­
r h i z a  1  f u n g i ,  a s  w e l l  a s  o t h e r  f u n g i ,  d o  n o t  t o l e r a t e  w a t e r - l o g g e d  
c o n d i t i o n s .  S m a ll  g r a i n s  sown i n  t h e  f a l l  may n o t  became e x t e n s i v e l y  
i n f e c t e d  w i t h  m y c o r r i z a  u n t i l  t h e  f o l l o w i n g  s p r i n g  ( 3 0 ) .
Mosse and h e r  c o l l e a g u e s  hav e  shown t h a t  d i f f e r e n c e s  e x i s t  among 
v a r i o u s  s t r a i n s  o f  m y c o r r h iz a  i n  t h e i r  a b i l i t y  t o  p ro m o te  P a b s o r p t i o n
an d  s u g g e s t  t h a t  s e l e c t i o n  o f  s t r a i n s  m ig h t  be a  p o w e r f u l  t e c h n i q u e  f o r
p ro m o t in g  F a b s o r p t i o n  w here  P i s  low i n  a v a i l a b i l i t y  ( 7 4 , 7 5 ) .
T e ta n y  f i e l d s  a r e  o f t e n  d e s c r i b e d  a s  b e in g  e x c e s s i v e l y  w e t .  
T e m p e r a tu r e  a l s o  a p p e a r s  t o  be a  f a c t o r .  Kemp and  ' t  H a r t  (4 8 )  I n d i c a t e d  
i n  a  s t u d y  done  i n  t h e  N e t h e r l a n d s ,  t h a t  f i v e  d a y s  a f t e r  t h e  mean d a i l y  
t e m p e r a t u r e  r i s e s  a b o v e  14C, t h e r e  i s  a n  i n c r e a s e  i n  t h e  num ber o f  t e t a n y
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c a s e s .  ' t  H a r t  (1 0 3 )  o b s e r v e d  c h a t  95% o f  t h e  c a s e s  he  s t u d i e d  o c c u r r e d  
when t h e  mean t e m p e r a t u r e  was 8 - 1 4  C an d  I n d i c a t e d  t h a t  5 -1 5  G w ere  t h e  
l i m i t s  r e p o r t e d  i n  o t h e r  p a r t s  o f  t h e  w o r l d .
E l k i n s  and  H o v e lan d  (2 0 )  a n d  E l k i n s  e t  a l .  ( 2 1 )  fo u n d  t h a t  t h e
C a , Mg an d  K. c o n t e n t  o f  r y e g r a s s  (L o liu m  m u l t i f  l o r t s n . L am .) i n c r e a s e d  a s  
s o i l  O2  i n c r e a s e d  a n d  t h a t  t h e  c o n c e n t r a t i o n s  w e re  h i g h e r  i n  p l a n t s  
grown a t  16 G t h e n  i n  t h o s e  grow n a t  12 C. The w o rk  o f  K a r l e n  e t  a l .  
(4 6 )  i s  i n  g e n e r a l  a g r e e m e n t ,  show ing  a  d e c r e a s e  i n  Ca and  Mg i n  p l a n t  
t i s s u e  w i t h  i n c r e a s i n g  s o i l  m o i s t u r e .  P o ta s s iu m  I n c r e a s e d  o r  re m a in e d  
u n c h a n g e d .  They a l s o  fo u n d  s i g n i f i c a n t  d i f f e r e n c e s  t o  e x i s t  i n  Mg u p ­
t a k e  among t h e  d i f f e r e n t  c u l t i v a r s  o f  w h e a t  t e s t e d .  L e g g e t t  e t  a l .  (5 1 )  
fo u n d  no  d i f f e r e n c e s ,  h o w e v e r , i n  t h e  c o n c e n t r a t i o n s  o f  K, Ca and  Mg o r  
i n  t h e  r a t i o  o f  K/ (Ca +  Mg) i n  t a l l  f e s c u e  when t h e  r o o t  m ed ia  was m a in ­
t a i n e d  a t  12 C o v e r  t h e  c o n t r o l  g ro u p  m a i n t a i n e d  a t  25 C.
S in c e  g r a s s  t e t a n y  i n  c a t t l e  i s  o f t e n  a s s o c i a t e d  w i t h  e a r l y  
s p r i n g  f o r a g e ,  t y p i c a l l y  h i g h  i n  K and  low i n  Mg, L e n t s  e t  a l .  (5 2 )  s u g ­
g e s t e d  t h a t  a l t e r i n g  serum  Mg and  K l e v e l s  may a f f e c t  i n t e r m e d i a r y
c a r b o h y d r a t e  m e ta b o l i s m  r e s u l t i n g  i n  t h e  h y p o g ly c e m ia  and  k e t o s l s  t h a t  
a r e  o f t e n  o b s e r v e d  i n  t e t a n y  c a s e s .  I n  f u r t h e r  w o rk  t h e y  s u g g e s t e d  
t h a t  a  r e l a t i o n s h i p  e x i s t s  b e tw e e n  a b s o r p t i o n  o f  Mg an d  g l u c o s e  I n t a k e  
( 5 7 , 7 2 ) .
B lak em o re  e t  a l .  (6 ) r e p o r t e d  h i g h  l e v e l s  o f  Mn i n  g r a s s  (5 4 0 -  
1320 ppm i n  d r y  m a t t e r )  a s s o c i a t e d  w i t h  g r a s s  t e t a n y  i n  L i n c o l n s h i r e .  
T h e i r  e x p e r i m e n t s  w i t h  r a b b i t s  showed t h a t  o r a l  s u b - l e t h a l  d o s e s  o f  Mn 
w e re  f o l l o w e d  im m e d ia t e ly  b y  a  r e d u c t i o n  o f  b lo o d  se ru m  Mg l e v e l s .
T hey  p ro d u c e d  t h e  same e f f e c t  i n  c a t t l e  an d  sh ee p  w i t h  Mn a d m i n i s t e r e d
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by  s to m a ch  t u b e .  Mean serum  Mn l e v e l s  o f  s i x  cows w ere  found  t o  r i s e  
from  0 . 0 1  t o  1 . 5  g / m l , 2 0  d a y s  a f t e r  t h e  cows w ere  t u r n e d  o u t  on 
p a s t u r e .  A s i g n i f i c a n t  d e c r e a s e  I n  se rum  Mg a l s o  o c c u r r e d .  F a in  e t  
a l .  (2 3 )  r e p o r t e d  a  s i m i l a r  d e p r e s s i o n  i n  se rum  Mg I n  cows r e c e i v i n g  a 
n o rm a l  r a t i o n  s u p p le m e n te d  w i t h  100 ppm Mn a s  m anganese  s u l f a t e ,  b u t  
n o t  a t  su p p le m e n t  l e v e l s  o f  150 o r  200  ppm. Underwood (1 0 8 )  s t a t e d  
t h a t  a l l  a n im a l  s p e c i e s ,  e x c e p t  p o s s i b l y  r a b b i t s ,  a r e  v e r y  t o l e r a n t  t o  
s o l u b l e  b i v a l e n t  m an g an ese  s a l t s ;  t h a t  i t  i s  p o o r l y  a b s o r b e d  and 
l a r g e l y  e x c r e t e d  i n  t h e  f e c e s .
R o b in s o n ,  e t  a l .  (8 4 )  r e p o r t e d  t h a t  t h e  a b i l i t y  o f  rumen 
m ic r o o r g a n i s m s  t o  d i g e s t  c e l l u l o s e  i n  v i t r o  was m a rk e d ly  r e d u c e d  i n  
a n i m a l s  on h i g h  d i e t a r y  l e v e l s  o f  m a n g a n e s e ,  b u t  found  no  d i f f e r e n c e s  
i n  se ru m  Ca o r  F v a l u e s  o f  y e a r l i n g  c a l v e s  f e d  r a t i o n s  c o n t a i n i n g  up 
t o  1000 ppm Mn a s  m anganese  s u l f a t e .  Serum Mg l e v e l s  w ere  n o t  
r e p o r t e d .  Cunningham e t  a l .  ( 1 4 )  i n  a  s i m i l a r  s t u d y  a l s o  fo u n d  no 
e f f e c t  on serum  Mg l e v e l s  when f e e d i n g  4920  ppm Mn. I n  a h  i n  v i t r o  
s t u d y  th e y  o b s e r v e d  d e p r e s s e d  v o l a t i l e  f a t t y  a c i d  p r o d u c t i o n  an d  m arked  
c h a n g e s  i n  rum en f l o r a  a t  h ig h  l e v e l s  o f  Mn i n t a k e .
G a l l u p ,  e t  a l .  (2 9 )  f e d  s t e e r  c a l v e s  a r a t i o n  s u p p l i e d  w i t h  
0 ,  2 5 0 ,  5 0 0 ,  1000, and  2 ,0 0 0  ppm added  Mn, a s  MnSO^. P h o s p h o ru s  e x c r e ­
t i o n  i n  t h e  f e c e s  i n c r e a s e d  a t  a l l  l e v e l s  o f  a d d ed  Mn. C a lc iu m  e x c r e ­
t i o n  i n c r e a s e d  a t  t h e  two h i g h e s t  l e v e l s  o f  Mn i n t a k e .  P la sm a  l e v e l s  
o f  Ca and  P re m a in e d  u n c h a n g e d .
The w ork  o f  M aas , e t  a l .  (5 5 )  a n d  M oore , e t  a l .  (7 3 )  h a s  
d e m o n s t r a t e d  a  s i m i l a r i t y  b e tw e e n  Mn an d  Mg u p ta k e  i n  p l a n t s ,  M aas , 
e t  a l .  (5 6 )  f u r t h e r  showed t h a t  Mn and Mg had a m u t u a l l y  d e p r e s s i n g
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e f f e c t  on t h e  m e t a b o l i c  a b s o r p t i o n  o f  e a c h  o t h e r .  At e q u a l  c o n c e n t r a ­
t i o n s  o f  t h e s e  two i o n s  i n  m i x e d - s a l t  s o l u t i o n s ,  h o w e v e r ,  t h e y  fo u n d  
t h a t  Mn a b s o r p t i o n  c o n s i d e r a b l y  e x c e e d e d  t h a t  o f  Mg. I n  f u r t h e r  w ork 
t h e y  found  t h a t  Mn a b s o r p t i o n  was s t i m u l a t e d  b y  t h e  p r e s e n c e  o f  Ca. 
H ow ever, when Ca and  tfti w e re  i n  t h e  p r e s e n c e  o f  Mg t h e  Mg i n h i b i t i o n  
o f  Mn was g r e a t l y  a c c e n t u a t e d .  The c o m b in a t io n  o f  Ca an d  Mg a p p a r e n t l y  
h a d  a  g r e a t e r  i n a c t i v a t i n g  e f f e c t  on t h e  Mn c a r r i e r  t h a n  Mg a l o n e .  The 
a b s o r p t i o n  o f  Mg i n  t h i s  s y s te m  was a l s o  s l i g h t .  P o t a s s iu m  a b s o r p t i o n  
i n  t h i s  Ca-Mg-Mn s y s te m  was g r e a t l y  e n h a n c e d .
M anganese  a b s o r p t i o n  by  p l a n t s  i s  a l s o  I n f l u e n c e d  by t e m p e r a ­
t u r e ,  O2 , m ic r o o r g a n i s m  and  r o o t  e x u d a t e s  i n  t h e  r o o t  e n v i r o n m e n t .  The 
r e d u c i n g  c o n d i t i o n s  i n  t h e  w et s o i l s ,  an d  t h e  w arm ing  t r e n d  ab o v e  14 C 
o f t e n  n o te d  t o  accom pany  g r a s s  t e t a n y ,  w ould  f a v o r  t h e  r e d u c e d  Mn+^ fo rm  
t h a t  i s  a v a i l a b l e  t o  p l a n t s .  M e d e rs k l  an d  H o f f  ( 6 6 ) r e p o r t e d  t h a t  s o y ­
b e a n s  grown a t  27 C c o n t a i n e d  m ore t h a n  tw ic e  t h e  Mn c o n c e n t r a t i o n  o f  
p l a n t s  grow n a t  15 C.
Aluminum i s  p r e s e n t  i n  h i g h e r  p l a n t s  i n  v a r i a b l e  b u t  u s u a l l y  
low c o n c e n t r a t i o n s .  M ost e d i b l e  g r a s s e s  and  c l o v e r s  a r e  r e p o r t e d  t o  
c o n t a i n  1 0 -5 0  ppm Al on a  d r y  m a t t e r  b a s i s  ( 8 9 , 9 3 ) .  T h e re  a r e  c e r t a i n  
a c c u n u l a t o r  s p e c i e s  i n  t h e  p l a n t  w o r ld  t h a t  a r e  n o t a b l e  e x c e p t i o n s .  
M ald en  an d  S m ith  ( 5 9 ) ,  i n  1 8 95 , and  S m i th ,  (9 7 )  i n  1 9 03 , r e p o r t e d  
m a s s iv e  d e p o s i t s  o f  b a s i c  a lum inum  s u c c i n a t e  [ A l 2  (C4  0 ^ ) 3  A l 2  O3  -
s u g g e s t e d  c o m p o s i t i o n ]  i n  a  c a v i t y  o f  O r i t e a  e x c e l s a  R. B r .  o f  th e  
f a m i l y  P r o t e a c e a .  Webb (1 1 3 )  d e t e c t e d  80 a lum inum  -  a c c u m u l a t i n g  s p e ­
c i e s  among 1 ,3 2 4  s p e c i e s  t e s t e d  from  A u s t r a l i a n  -  New G u in ea  f l o r a .  He 
fo u n d  c e r t a i n  d i c o t y l e d o n s  (69 s p p . )  an d  F l l i c a l e s  ( 1 1  s p p . )  t o  be th e
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s t r o n g e s t  a c c u m u la to r s  and n o te d  t h a t  none  o f  t h e  l o c a l  a c c u m u la to r s  
d e t e c t e d  w ere  on a l k a l i n e  s o i l s .
N a g l s t a d s  (58) work I n d i c a t e d  t h a t  p l a n t s  a b s o r b  A1 a t  h i g h e r  
pH v a l u e s .  J o n e s  (45) found  t h a t  p l a n t s  grown I n  f l y - a s h  d e p o s i t s  a t  
h ig h  pH v a l u e s  a c c u m u la te d  A1 I n  th e  l e a f  t i s s u e s  b u t  s t a t e d  t h a t  i t  
seems u n l i k e l y  t h a t  A1 would e n t e r  t h e  p l a n t  a s  t h e  a n io n  i n  view  o f  
t h e  f a c t  t h a t  r o o t  s u r f a c e s  hav e  b een  shown t o  be  on th e  a c i d  s i d e  o f  
n e u t r a l i t y .  The w id th  o f  t h i s  a c i d  r i z o s p h e r e  zone would be I n f l u e n c e d  
by th e  r o o t ,  t h e  r o o t  e x u d a t e s  and th e  e x t e n t  and a c t i v i t y  o f  t h e  m i c r o ­
o rg a n ism s  p r e s e n t .  Aluminum i n  t h i s  zone  would e i t h e r  p e r c i p l t a t e  a s  
h y d r o x id e  o r  p h o s p h a te  o r  be p r e v e n te d  from  p e r c i p l t a t i o n  by th e  p r o d u c ­
t i o n  o f  c o m p le x - fo rm in g  com pounds.
A m a jo r  symptom o f  A1 t o x i c i t y  i s  e x h i b i t e d  a s  p h o s p h a te  d e f i ­
c i e n c y .  Many p l a n t s  a r e  t o l e r a n t  o f  h ig h  l e v e l s  o f  A l ,  h o w ev er ,  and 
m a i n t a i n  t h e i r  p h o s p h a te  s t a t u s .  Some a c c u m u la te  r a t h e r  t h a n  e x c lu d e  
A l a s  a  d i r e c t  a s s o c i a t i o n  w i t h  t h e i r  Al t o l e r e n c e  ( 2 8 ) .  J o n e s  (45) 
s t a t e d  t h a t  i n  o r d e r  t o  be t r a n s p o r t e d ,  Al "m ust r e m a in  i n  a  s o lu b le  
form a t  p h y s i o l o g i c a l  pH v a l u e s  i n  t h e  p r e s e n c e  o f  p h o s p h a t e , "  and 
s u g g e s te d  t h a t  o r g a n ic  a c i d s  c h e l a t e  Al and  th u s  p r e v e n t  A l-P  p e r c i p i -  
t a t e s  from fo rm in g .  DeKock and M i t c h e l l  (17) hav e  shown t h a t  Al 
c h e l a t e d  w i t h  ADA, DTPA and  EDTA was a b s o r b e d  by m u s ta rd  p l a n t s  i n  
n u t r i e n t  s o l u t i o n .
H igh l e v e l s  o f  s o l u b l e  Al u s u a l l y  o c c u r  i n  s o i l s  u n d e r  a c i d  
c o n d i t i o n s .  Sm all (96 )  d e m o n s t r a t e d  t h a t  a c i d l p h i l o u s  p l a n t s  u s u a l l y  
have  s t r o n g  o r g a n ic  a c i d - b u f f e r  sy s te m s  i n  t h e i r  c e l l  sap  w h e rea s  
a l k a l i p h i l e s  g e n e r a l l y  possess p h o sp h a te  b u f f e r  s y s te m s .
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Rhue (8 3 )  s u g g e s te d  from r e s p i r a t i o n  I n h i b i t o r  s t u d i e s  w i t h  2 ,
4 — d i n i t r o p h e n o l ,  t h a t  A l u p ta k e  i s  by p a s s i v e  d i f f u s i o n  a c r o s s  th e  
plasmalemma and t h a t  t h e  p a r t  m e ta b o l is m  p l a y s  i s  i n  t h e  m a in te n a n c e  o f  
r o o t  membrane s t r u c t u r e  and i n t e g r i t y .
Aluminum I n g e s t e d  by a n im a l s  u n d e r  n o rm a l c o n d i t i o n s  
has  n o t  b e en  shown t o  c o n s t i t u t e  a  t o x i c  h a z a r d .  I n g e s t e d  Al i s  v e r y  
p o o r ly  a b s o r b e d  and  i s  e x c r e t e d  i n  t h e  f e c e s  ( 4 3 f 1 1 0 ) .  O n d le ic k a ,  e t  
a l .  (80 ) showed t h a t  h ig h  d o s e s  o f  a lum inum  s u l f a t e  ( 2 0 0  m g /kg )  
g r e a t l y  I n c r e a s e d  r e t e n t i o n  i n  r a t s .  I n c r e a s e d  Al l e v e l s  a p p e a re d  i n  
u r i n e  and body t i s s u e s ,  p a r t i c u l a r l y  t h e  l i v e r ,  t e s t e s ,  and  b o n e s .  
A p p a r e n t ly  a n im a l s  cope  w i th  m o d e ra te  I n c r e a s e s  i n  A l i n t a k e  by f e c a l  
e x c r e t i o n  b u t  a b s o r p t i o n  and r e t e n t i o n  a r e  e l e v a t e d  by v e r y  h ig h  l e v e l s  
o f  I n t a k e .
E x c e s s iv e  A l i n t a k e  i n t e r f e r e s  w i t h  P a b s o r p t i o n ,  a p p a r e n t l y  
a s  a  r e s u l t  o f  th e  f o r m a t i o n  o f  I n s o l u b l e ,  n o n - a b s o r b a b l e  p h o s p h a te  - 
alum inum  com plexes  ( 4 4 , 8 0 ) ,  J o n e s  (4 4 ^  i n  a  s t u d y  o f  r a t  serum , showed 
t h a t  c h r o n i c  and  a c u t e  i n t o x i c a t i o n  w i th  A IC I 3  r e s u l t e d  i n  a  d e c r e a s e  
i n  ATP and an  i n c r e a s e  i n  b o th  AMP and ADP and s u g g e s te d  t h a t  th e  s h i f t  
i n  e q u i l i b r i u m  was p o s s i b l y  c o n n e c te d  w i t h  a  d e c r e a s e  i n  i n o r g a n i c  P 
l e v e l s  i n  t h e  b lo o d .  Aluminum has  b e en  r e p o r t e d  t o  d e c r e a s e  hexose  
p h o s p h o r y l a t i o n ,  t h e  h e x o k i n a s e - c a t a l y z e d  r e a c t i o n  y i e l d i n g  s u g a r  
p h o s p h a te  and ADP ( 9 , 1 0 , 8 7 ) .  I n h i b i t i o n  o f  g l y c o l y s i s  and  p h o s p h o r y l a ­
t i o n  a p p e a r  t o  be t h e  m ost o u t s t a n d i n g  e f f e c t s  o f  e x c e s s  A l .  S o ren so n  
s u g g e s te d  th e  p o s s i b i l i t y  t h a t  " a l l  p h o s p h a te  t r a n s f e r r i n g  sy s tem s  
in v o l v i n g  ATP and Mg may be b i o l o g i c a l  t a r g e t s  f o r  e x c e s s  A l"  ( 9 8 ) .
L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on th e  e f f e c t s  o f  h ig h  l e v e l s  o f
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alum inum  I n t a k e  In  r u m i n a n t s .  Hobbs (40 )  and  c o -w o rk e r s  f e d  a  d i e t  
c o n t a i n i n g  405 ppm Al a a  a lu a in u m  s u l f a t e  t o  c a t t l e  and sh eep  and o b ­
s e r v e d  no a d v e r s e  e f f e c t s .  Thompson, e t  a l .  (104 )  fed  a n  810-ppm 
alum inum  s u l f a t e  d i e t  t o  sh ee p  and o b s e r v e d  no e f f e c t .  V a l d i v i a ,  e t  a l .  
( I l l )  fe d  s t e e r s  up t o  1200 ppm Al a s  a lum im an c l o r i d e  and  o b s e r v e d  no 
i n f l u e n c e  on a n im a l  p e r fo rm a n c e  and o n ly  m in o r  c h a n g e s  i n  t i s s u e  m in e r a l  
c o m p o s i t i o n .  They r e p o r t e d  no e f f e c t  on p la sm a  l e v e l s  o f  p h o s p h o ru s ,  
c a lc iu m  o r  m agnesium .
I n  w ha t a p p e a r s  t o  b e  t h e  o n ly  p a p e r  d e a l i n g  w i t h  t h e  s u b j e c t ,
D enn is  (1 8 )  r e p o r t e d  f i n d i n g  up t o  1000 ppm Al i n  o a t  (Ayena s a t i v a . L . )
an d  w h ea t  ( T r i t i c u m  a e s t j v u m . L . )  t e t a n y  p a s t u r e s  and s u g g e s te d  t h a t  i t
may i n  some way be r e l a t e d  t o  t h e  o c c u r r e n c e  o f  g r a s s  t e t a n y .
W i lk in s o n  and  S tuedem an (115) r e p o r t e d  I n c r e a s e d  f o r a g e  Al 
c o n c e n t r a t i o n s  i n  p a s t u r e s  r e c e i v i n g  I n c r e a s e d  r a t e s  o f  N f e r t i l i z e r .
MATERIALS AND METHODS
A. C ase  H i s t o r i e s
A t h r e e - y e a r  i n v e s t i g a t i o n  was b eg u n  i n  F e b r u a r y  1977 t o  
c h a r a c t e r i z e  g r a s s  t e t a n y  c a s e s .  Hypomagnesemia was e s t a b l i s h e d  by 
d e t e r m i n a t i o n  o f  b lo o d  serum  m agnesium  l e v e l s  a n d  by c l i n i c a l  d i a g ­
n o s i s  by  a  v e t e r i n a r i a n .  W i th in  24 h o u r s  a f t e r  t e t a n y  was r e p o r t e d ,  
f o r a g e ,  s o i l ,  s o i l  m o i s t u r e ,  and  r o o t  s a m p le s  w e re  c o l l e c t e d  fro m  th e  
p a s t u r e  w h e re  t h e  a n im a l s  had  b e e n  g r a z i n g .  S a m p lin g  s i t e s  w ere  s e ­
l e c t e d  t o  r e p r e s e n t  b o t h  w e l l - d r a i n e d  an d  p o o r l y - d r a i n e d  a r e a s  i n  e a c h  
p a s t u r e .  V i s u a l  e v a l u a t i o n s  w e re  a l s o  made a t  e a c h  s i t e  t o  e s t i m a t e  
w e l l - d r a i n e d ,  w e t ,  s a t u r a t e d  o r  ponded  c o n d i t i o n s .  Each f o r a g e  sam ple  
an d  t h e  c o r r e s p o n d i n g  s o i l  and  r o o t  sam p le  r e p r e s e n t e d  a n  a r e a  92 c m 's  
i n  d i a m e t e r .  S o i l  s a m p le s  w e re  t a k e n  t o  a  d e p t h  o f  8  cm. Dead t e t a n y  
a n i m a l s  w e re  i n c i s e d  an d  t h e  u n d i g e s t e d ,  s o l i d  m a t e r i a l  o f  t h e  rum en c o n ­
t e n t  was s a m p le d .  I n  a n  a t t e m p t  t o  e s t a b l i s h  a p p r o x im a te  m i n e r a l  l e v e l s  
p r e s e n t  i n  b o v in e s  u n d e r  n o n - t e t a n y  c o n d i t i o n s ,  s a m p le s  w ere  a l s o  t a k e n  
fro m  f i s t u l a t e d  a n im a l s  g r a z i n g  u n d e r  v a r i o u s  c o n d i t i o n s  a t  d i f f e r e n t  
t i m e s .
F o ra g e  a n d  rum en c o n t e n t  s a m p le s  w e re  d r i e d  f o r  24 h o u r s  a t  60  C 
an d  g ro u n d  i n  a  s t a i n l e s s - s t e e l  W ile y  m i l l  t o  p a s s  a  2 0 -m esh  s i e v e .  One-  
gram  s a m p le s  o f  p l a n t  and  rum en m a t e r i a l  w e re  w e t - a s h e d  w i t h  n i t r i c - 
p e r c l o r l c  a c i d .  The r e s u l t i n g  r e s i d u e  was f i l t e r e d  t h r o u g h  Whatman No.
42 and  b r o u g h t  t o  a  100-m l volum e w i t h  d i s t i l l e d  w a t e r .  A lum inum , Mn,
Z n , K, N a, Ca and  Mg w ere  d e t e r m in e d  on a p p r o p r i a t e  d i l u t i o n s  b y  a to m ic  
a b s o r p t i o n  s p e c t r o s c o p y .  L an thanum  o x id e  was i n c l u d e d  i n  t h e  Ca and  Mg 
d i l u t i o n s  t o  s u p p r e s s  p h o s p h a te  i n t e r f e r e n c e ,  p h o s p h o ru s  was d e te r m in e d
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b y  t h e  v a n a d a te - m o ly b d a t e  y e l lo w  m e th o d .
S o l i  s a m p le s  w e re  a n a l y z e d  f o r  P ,  K, C a , Mg, N a , Mn, and  pH by  
t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  S o i l  T e s t i n g  L a b o r a t o r y .  E x t r a c t i n g  
s o l u t i o n s  u s e d  w e re  O .IN  HC1 + 0 .03N  NH^F f o r  P ,  IN NH^OAc a t  pH 7 .0  
f o r  K, C a , Mg and  Na and  DTPA-TEA (0 .005M  DTPA, O.OIM CaC l 2  and  0.1M 
TEA) e x t r a c t i n g  s o l u t i o n  f o r  Mn. D e t e r m i n a t i o n  o f  pH was made u s i n g  a  
1 :1  s o i l  t o  w a t e r  r a t i o .  T o t a l  a c i d i t y  a n d  e x c h a n g e a b le  A l  w e re  d e t e r ­
m in ed  by e x t r a c t i o n  w i t h  IN KC1 and t i t r a t i o n  w i t h  0 .1N  NaOH and  0 .098N  
HC1 u s i n g  p h e n o l p h t h a l e l n  I n d i c a t o r  and  NaF t o  com plex  A l .
S o i l  m o i s t u r e  l e v e l s  w e re  d e t e r m in e d  by  d r y i n g  s a m p le s  i n  an  
ov en  a t  100 C f o r  24 h o u r s .  P e r c e n t a g e  m o i s t u r e  was c a l c u l a t e d  on t h e  
o v e r - d r y  b a s i s .  T h re e  s a m p l e s ,  e a c h  c o n s i s t i n g  o f  t h r e e  sub  s a m p l e s ,  
w e re  t a k e n  a t  e a c h  s i t e  w i t h i n  t h e  f i e l d .  T h e i r  m o i s t u r e  p e r c e n t a g e s  
w ere  t h e n  a v e r a g e d  t o  g i v e  t h e  f i n a l  s o i l  m o i s t u r e  p e r c e n t a g e  a t  e a c h  
s a m p l in g  s i t e .
R oot s a m p le s  w ere  e x am in ed  by  l i g h t  m ic r o s c o p y  f o r  t h e  p r e s e n c e  
o f  e n d o m y c o r r h i z a l  f u n g i .  R o o ts  w ere  w ash ed  f r e e  o f  s o i l ,  p l a c e d  i n  
1CTZ KjOH f o r  one h o u r  a t  90 C, r i n s e d  w i t h  a c e t i c  a c i d  an d  t r a n s f e r r e d  
i n t o  a  s o l u t i o n  o f  l a c t o p h e n o l  c o n t a i n i n g  0 . 0 1 % c o t t o n b l u e  f o r  a n  a d d i ­
t i o n a l  h o u r  a t  90 C. The s t a i n  was p o u re d  o f f  and  t h e  r o o t s  t r a n s f e r r e d  
t o  a  s o l u t i o n  o f  l a c t o p h e n o l  w i t h o u t  c o t t o n b l u e .  Root s eg m e n ts  w ere  
e v a l u a t e d  u n d e r  t h e  m i c r o s c o p e .  The e x t e n t  o f  m y c o r r h l z i a l  i n f e c t i o n  
was r a n k e d  on t h e  b a s i s  o f  m any, s e v e r a l ,  few o r  no v i s i b l e  f u n g a l  
h y p h a .  T h i s  m ethod  was n o t  I n t e n d e d  a s  a n  a t t e m p t  t o  q u a n t i t a t e  t h e  num­
b e r s  p r e s e n t .  R a t h e r  i t  was u se d  a s  a  m eans f o r  r e l a t i v e  c o m p a r i s o n s  o f
l e v e l s  o f  I n f e c t i o n  b e tw e e n  l o c a t i o n s  and  t r e a t m e n t s .
The ab o v e  m e th o d s  f o r  a n a l y s i s  o f  p l a n t s ,  s o i l s ,  s o i l  m o i s t u r e ,
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a n d  m y c o r r h i z l a l  I n f e c t i o n  w e re  u s e d  i n  t h e  f o l l o w i n g  e x p e r i m e n t s  e x c e p t  
w h e re  o t h e r w i s e  i n d i c a t e d .
B. F i e l d  Firpgi-tment:a
F i e l d  p l o t s  w e re  e s t a b l i s h e d  i n  t h r e e  p a s t u r e s  w h ich  had  a  
h i s t o r y  o f  g r a s s  t e t a n y ,  t o  d e t e r m i n e  t h e  e f f e c t s  o f  v a r i o u s  f e r t i l i z e r s  
on s e v e r a l  f o r a g e  m i n e r a l  l e v e l s .  T r e a tm e n t s  c o n s i s t e d  o f  a  c o n t r o l ,  
d o l o m i t e  (2240  k g / h a ) ,  P (20  k g / h a  -  a s  t r e b l e  s u p e r p h o s p h a t e ) ,  Mg (60  
k g / h a  -  a s  M gS04), t h e  com bined  l e v e l s  o f  P a n d  d o l o m i t e ,  and  t h e  com­
b in e d  l e v e l s  o f  P and  Mg. A ra n d o m iz e d  b l o c k  d e s i g n  was u se d  and  t r e a t ­
m e n ts  w e re  r e p l i c a t e d  f o u r  t i m e s .  L o c a t i o n s ,  s o i l s ,  d a t e s  o f  p l o t  
e s t a b l i s h m e n t  and  h a r v e s t  an d  s o i l  a n a l y s e s  a t  e a c h  l o c a t i o n  a r e  g iv e n  
i n  T a b le  1. R y e g r a s s  f L o l l im  m u l t  i f  l o r  tan. L am .) p a s t u r e s  w ere  c u l t i ­
v a t e d ,  p l a n t e d  an d  f e r t i l i z e d  b y  t h e  n o rm a l  m e th o d s  o f  t h e  fa rm  o p e r a ­
t i o n  b e f o r e  t r e a t m e n t s  w e re  a p p l i e d .  F e r t i l i z e r  t r e a t m e n t s  w e re  s p r e a d  
b y  h a n d .  P l o t s  w e re  n o t  f e n c e d  an d  a n i m a l s  had  f r e e  a c c e s s  t o  th em .
A p r o lo n g e d  f a l l  d r o u g h t  d e l a y e d  b o t h  p a s t u r e  an d  p l o t  e s t a b l i s h m e n t .  
D e la y e d  g ro w th  an d  a n im a l  f o r a g i n g  l i m i t e d  t h e  c o l l e c t i o n  o f  s a m p le s .  
S am p les  w ere  c o l l e c t e d  a t  e a c h  h a r v e s t  f o r  f o r a g e  a n a l y s i s .
C. G re e n h o u s e  R v p » r W n f  «
1 .  M o i s t u r e  L e v e l s  an d  M v c o r r h i z i a l  F u n g i
The e f f e c t s  o f  s o i l  m o i s t u r e  and  m y c o r r h i z l a l  f u n g i  on t h e  c o n ­
c e n t r a t i o n  o f  s e v e r a l  m i n e r a l s  i n  r y e g r a s s  f o r a g e  w e re  i n v e s t i g a t e d  i n  
a  g r e e n h o u s e  e x p e r im e n t  u s i n g  a  c o m p l e t e l y  ra n d o m iz e d  d e s i g n  w i t h  a  
s p l i t  p l o t  a r r a n g e m e n t  o f  t r e a t m e n t s .  The s o i l  i n  t h e  e x p e r im e n t  was a  
G ra n ad a  s i l t  loam , t a k e n  fro m  t h e  s u r f a c e  h o r i z o n  ( 0 - 1 0  cm) o f  a  c u l t i ­
v a t e d  f i e l d  on t h e  Sonny G u t t z l e t  f a rm ,  12 k i l o m e t e r s  w e s t  o f  C l i n t o n ,
T ab le  1. L o c a t io n s ,  S o i l  t y p e s ,  s o i l  t e s t  v a lu e s  and d a t e s  o f  e s ta b l i s h m e n t  
and h a r v e s t  o f  f i e l d  p l o t s ,
Date D ates  S o i l  T e s t  V alues
L o ca t lo n  S o i l  TyP* E s ta b l i s h e d  H a rv es ted  P K Mg Ca Mn Na pH
ppm
Long Ranch Ccamerce s i l t  loam 12 /22 /76  3 /1 7 /7 7  96 190 295 1285 18 80 5 .6
P o in t  Coupee P a r i s h  (A e r ie  F lu v o q u en t)
Beechgrove P l a n t a t i o n  C a l lo u ay  s i l t  loam 12/16 /76  3 /1 /7 7
E as t F e l i c i a n a  P a r i s h  (G lo ssaq u ic  F r a g lu d a l f s )  3 /1 7 /7 7 167 159 144 830 79 52 6 .2
G uddzie t Farm Granada s i l t  loam
East F e l i c i a n a  P a r i s h  (G lo s s ic  F r a g iu d a l f )
1 /11 /77 1 /30 /77  
2 /1 6 /7 7  
3 '  8 /77
8 6  99 117 820 190 46 6 .3
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L o u i s i a n a .  T h is  s o i l  I s  c l a s s i f i e d  a s  a  G l o s s l c  F r a g l u d a l f  and by  
a n a l y s i s  c o n t a i n e d  133 ppm Mn, 44 ppm N a, 93 ppm Mg, 720 ppm Ca, 91 ppm 
K, 72 ppm P ,  1.77. o r g a n i c  m a t t e r  and had a  pH o f  5 . 7 .  The s o l i  was 
p a s s e d  th r o u g h  a  6  a t  s i e v e  and u n i f o r m ly  m ix e d .  P o t s ,  d o u b ly  l i n e d  w i t h  
p l a s t i c  b a g s ,  c o n t a i n i n g  5 kg o f  th e  a i r - d r y  s o i l  w ere  p l a n t e d  w i t h  r y e ­
g r a s s .  The t h r e e  t r e a t m e n t s  w i t h  f o u r  r e p l i c a t i o n s  e a c h  w ere  a s  f o l l o w s :  
c o n t r o l ,  i n o c u l a t i o n  w i t h  Endogone- s p o r o c a r p s  ( o b ta in e d  from  B. M o sse ,  
R o tham stad  E x p e r im e n ta l  S t a t i o n ) ,  and a  s a t u r a t e d  s o i l  c o n d i t i o n  ( s a t u ­
r a t i o n  p o i n t  was c a l c u l a t e d  and  m a in t a i n e d  by w e i g h t ) .  A l l  p o t s  w ere  
w a te r e d  w i t h  d i s t i l l e d  w a t e r .  The c o n t r o l  and Endnyone I n o c u l a t e d  p o t s  
r e c e i v e d  enough  w a te r  so  t h a t  w a t e r  was n o t  a  l i m i t i n g  f a c t o r  to  g ro w th  
b u t  was n o t  a l lo w e d  t o  a p p ro a c h  s a t u r a t i o n .  P o ts  were  i n o c u l a t e d  w i t h  
Endogone a t  t h e  t im e  th e  s e e d s  w ere  p l a n t e d .  The e x c e s s  m o i s t u r e  t r e a t ­
m en t was begun  on day  e i g h t .  N i t r o g e n ,  a s  aomonium n i t r a t e ,  was d i s ­
s o lv e d  In  d i s t i l l e d  w a t e r  and  a p p l i e d  t o  a l l  p o t s  a t  t h e  r a t e  o f  50 ppm
on d ay s  1 0 , 2 1 ,  34 , and  4 0 .  P o t s  w ere  r e r a n d a m iz e d  tw ic e  d u r in g  t h e  
e x p e r i m e n t .  A l l  p l a n t s  w ere  h a r v e s t e d  by  c l i p p i n g  t o  a  2 -cm s t u b b l e  
h e i g h t  on d a y s  2 4 ,  4 0 ,  and  70 . Sam ples w ere  sav ed  f o r  c h e m ic a l  a n a l y s i s .  
Root s am p les  w ere  e v a l u a t e d  u n d e r  th e  m ic ro s c o p e  f o r  t h e  p r e s e n c e  o f  
e n d o m y c o r r h lz a l  f u n g i .
2 .  M o is tu r e  L e v e ls  and  S o i l  Types
A seco n d  g re e n h o u s e  e x p e r im e n t  was d e s ig n e d  t o  d e te r m in e  t h e
e f f e c t  o f  s o i l  m o i s tu r e  l e v e l  on m i n e r a l  u p ta k e  and  on e x t e n t  o f
e n d o m y c o r r h lz a l  i n f e c t i o n  i n  r y e g r a s s .  F iv e  l e v e l s  o f  s o i l  m o i s t u r e :  
p o n d ed , s a t u r a t e d ,  1 0 0 ,  300 , and  600 cm s u c t i o n ,  w ere  u se d  on e a c h  o f  
two s o i l s ,  Mhoon s i l t y  c l a y  loam (T yp ic  F lu v a q u e n t )  and F a la y a  s i l t  loam
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( A e r ie  F l u v e n t i c  H a p l a q u e n t ) .  The c o m p le t e ly  ran d o m ized  d e s i g n  w i t h  a 
f a c t o r i a l  a r r a n g e m e n t  o f  t r e a t m e n t s  i n c l u d e d  f o u r  r e p l i c a t i o n s  o f  e a c h  
t r e a t m e n t  on e a c h  s o i l .  The Mhoon s o i l  was t a k e n  from  a s u r f a c e  h o r i z o n  
( 0 -1 0  a n )  on th e  Long Ranch i n  P o i n t  Coupee P a r i s h  and th e  F a la y a  was 
c o l l e c t e d  from  a s u r f a c e  h o r i z o n  ( 0 - 1 0  cm) on B eech g ro v e  P l a n t a t i o n  i n  
E a s t  F e l i c i a n a  P a r i s h .  Enough s o i l  was c o l l e c t e d  f o r  u s e  i n  s e v e r a l  o f  
t h e  f o l l o w i n g  e x p e r i m e n t s .  The p r o f i l e  a n a l y s e s  o f  t h e s e  s o i l s  t a k e n  
a t  t h e  s i t e  o f  c o l l e c t i o n  i s  g iv e n  i n  T a b le  2 .  A n a ly s e s  o f  t h e  c o l ­
l e c t e d  s o i l s  a r e  g iv e n  i n  T a b le  3 .  The s o i l s  w e re  b ro u g h t  i n t o  th e  
g re e n h o u se  an d  a l r - d r l e d .  The F a la y a  s o i l  was p a s s e d  th r o u g h  a  6 -ran 
s i e v e .  The Mhoon s o i l  was g ro u n d  i n  a  B raun  Chipmunk c r u s h e r .  Each 
s o i l  was t h o r o u g h l y  m ixed f o r  r e p r e s e n t a t i v e  s a m p l in g .
T h re e  k i lo g r a m s  o f  a i r - d r y  s o i l  w ere  packed  i n t o  p o t s  d o u b ly  
l i n e d  w i t h  p l a s t i c  b ag s  and 0 .6 3  g o f  r y e g r a s s  s e e d  w ere  p l a n t e d  i n  e a c h  
o f  t h e  40  p o t s .  N i t r o g e n ,  a s  ammonliss n i t r a t e ,  was a p p l i e d  i n  s o l u t i o n  
a t  t h e  r a t e  o f  50 ppm a t  t h e  t im e  th e  s e e d s  w ere  p l a n t e d .
S o i l  w a t e r  s u c t i o n  r e l a t i o n s h i p s  w ere  d e te r m in e d  f o r  f o u r  s u c ­
t i o n  v a l u e s  on a  d i s t u r b e d  s o i l  sam ple  u s in g  t h e  p r e s s u r e  p l a t e  m ethod  
( 3 ) .  T h ese  v a l u e s  a r e  shown i n  T a b le  4 .  Such r e l a t i o n s h i p s  w ere  u sed  
t o  m a i n t a i n  s u c t i o n  v a l u e s  o f  100, 300 , 600  cm o f  t e n s i o n  i n  t h e  p o t s .  
D i f f e r e n t  am ounts  o f  w a t e r  w e r e ,  added  a t  d i f f e r e n t  t im e s  f o r  
t h e  d i f f e r e n t  s u c t i o n s  i n  o r d e r  t o  m a i n t a i n  t h e  v a r i o u s  s u c t i o n  v a l u e s .  
F i g u r e s  1 and  2 show th e  f l u c t u a t i o n s  o f  w a te r  s u c t i o n  w i t h  t im e  f o r  t h e  
t h r e e  t r e a t m e n t s .  Such a  p r o c e d u r e  f o r  t h e  m a in te n a n c e  o f  t h e  d e s i r e d  
s u c t i o n s  w i t h  minimum f l u c t u a t i o n  was c o n s id e r e d  a d e q u a t e .  The s u c t i o n  
v a l u e s  shown i n  F i g u r e s  1 and  2 w ere d e te r m in e d  u s i n g  s o i l - w e t e r
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T a b le  2 .  A n a l y s i s  o f  p r o f i l e  s a m p le s  o f  F a l a y a  s i l t  loam and  
Mhoon s i l t y  c l a y  loam s o i l s  u s e d  I n  g ro w th  cham ber 
an d  g r e e n h o u s e  e x p e r i m e n t s .
S o i l
Sam ple 
D ep th P K Ca Mg Na Mn
E xchang
a b l e
Al
e -
T o t a l
A c i d i t y
pH
cm -------- ppm — -----  me q/lO O g —
F a la y a 0 -5 244 155 1 1 0 0 170 1 0 2 84 0 . 0 0 0 .4 5 .8
5 -1 3 129 69 1195 162 84 127 0 . 0 0 0 .3 6 . 0
13-23 33 60 1070 148 90 127 0 . 0 0 0 . 2 6 . 1
2 3 -3 6 31 53 87 0 128 113 59 0 . 0 0 0 .3 5 . 4
36 -71 29 44 370 96 104 15 2 .0 6 3 .6 4 . 9
71-106 29 48 24 0 163 181 5 4 . 8 0 4 .  9 5 . 0
Mhoon 0 - 8 182 130 4 0 0 0 f 673 103 1 2 0 . 0 0 0 . 2 7 .3
8 -1 5 158 109 4 0 0 0 t 670 114 9 0 . 0 0 0 . 2 7 .4
15-41 1 2 2 123 4000+- 717 113 9 0 . 0 0 0 . 2 7 .4
4 1 -5 8 206 83 .3415 599 109 1 0 0 . 0 0 0 . 2 7 .4
5 8 -7 4 234 1 0 0 3700 6 6 6 1 0 2 1 1 0 . 0 0 0 . 2 7 .4
7 4 -1 0 2 277 78 3225 563 96 7 0 . 0 0 0 . 2 7 .6
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T a b le  3 .  A n a l y s i s  o f  Che F a l a y a  s i l t  loam  and  Mhoon s i l t y  c l a y  loam 
s u r f a c e  ( 0 - 1 0  cm) s o i l s  u s e d  i n  t h e  g ro w th  cham ber and  
g r e e n h o u s e  e x p e r i m e n t s .
S o i l Ca Mg Na Mn EXS&!2«e - T o ta l
A c i d i t y




F a la y a  225 199 1195 232 87
Mhoon 196 174 4 0 0 0  732 8 8
104
—  meq/lOOg- 




T a b le  4 .  S o i l  w a t e r  c o n t e n t * o f  F a la y a  s i l t  loam a n d  Mhoon s i l t y  c l a y  
loam  d e t e r m i n e d  b y  t h e  p r e s s u r e  p l a t e  m e th o d  a t  f o u r  s u c t i o n  
v a l u e s .
0 . 1 b a r 0 .3 b a r 0 . 5 b a r 1 . 0 b a r
Mhoon F a la y a Mhoon F a l a y a Mhoon Fa la y a Mhoon F a la y a
k / 1 0 Gb
3 4 .8 6 3 6 .7 7 2 9 .5 1 3 0 .0 5 2 6 .5 1 2 6 .5 9 2 4 .4 8 2 3 .5 1

























































F ig .  1. D a lly  f l u c t u a t i o n s  In  s o i l  w a te r  s u c t i o n  v a lu e s  o b ta in e d  f o r  100, 300, and 600 cm 
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F ig .  2 .  D a i ly  f l u c t u a t i o n s  in  s o i l  w a te r  s u c t i o n  v a lu e s  o b ta in e d  f o r  100, 300 , and 600 cm 
t r e a tm e n t s  in  Mhoon s i l t y  c l a y  loam.
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t e n s l o m e t e r s  ( 2 . 2 2  cm d i a m e t e r  p o ro u s  c e r a m ic  c u p s )  c o n n e c te d  t o  a 
m e rc u ry  m onom eter ( 5 ) .  One t e n s l o m e t e r  was I n s t a l l e d  I n  e a c h  p o t  f o r  
t h e  t h r e e  t r e a t m e n t s  d u r i n g  s o i l  p a c k i n g .  T e n s l o m e t e r  r e a d i n g s  w ere  
r e c o r d e d  a t  l e a s t  tw ic e  a  d a y  and  d i f f e r e n t  vo lu m es  o f  w a t e r  w ere  
a c c o r d i n g l y  a d d ed  i n  o r d e r  t o  m a i n t a i n  t h e  d e s i r e d  s u c t i o n  v a l u e s .
F i g u r e  3 .  S o i l  m o i s t u r e  l e v e l s  m o n i to r e d  w i t h  t e n s i a m e t e r s  c o n n e c te d  
t o  m e rc u ry  m o n am e te rs  i n  t h e  g r e e n h o u s e  e x p e r i m e n t .
The ponded  and  s a t u r a t e d  t r e a t m e n t s  w e re  m a i n t a i n e d  by  v i s u a l  
e v a l u a t i o n .  A p p r o x im a te ly  o n e - h a I f  i n c h  o f  w a t e r  a b o v e  t h e  l e v e l  o f  t h e  
s o i l  was m a i n t a i n e d  f o r  t h e  ponded  t r e a t m e n t .  The s a t u r a t e d  s o i l s  w e re  
g iv e n  s u f f i c i e n t  w a t e r  t o  k e e p  t h e  w a t e r  l e v e l  a t  t h e  s o i l  s u r f a c e .
A t t h e  t e r m i n a t i o n  o f  t h e  e x p e r i m e n t  a t  t h e  en d  o f  26 d a y s  t h e  
g r a s s  was h a r v e s t e d  an d  t h e  t e n s l o m e t e r s  w e re  d i s c o n n e c t e d .  P l a n t  
s a m p le s  w e re  s a v e d  f o r  c h e m ic a l  a n a l y s i s .  The w a t e r  I n  t h e  p o r o u s  c u p s
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was e m p tie d  u s in g  a  hand vacuum pump. A d d i t i o n a l  t e n s l o m e t e r s  w ere  
I n s t a l l e d  I n  t h e  ponded and s a t u r a t e d  p o t s  a f t e r  t h e  g r a s s  was h a r ­
v e s t e d .  The t e n s l o m e t e r  cups  w ere  t h e n  u sed  a s  a  s o i l  s o l u t i o n  s a m p le r  
In  o r d e r  t o  o b t a i n  a  s u b -sa m p le  o f  t h e  s o i l  s o l u t i o n  f o r  t h e  a n a l y s i s  
o f  A l ,  Mn, Zn , Mg, C a , P ,  and  K. T h is  was a c h ie v e d  by a p p l y i n g  a 
vacuum o f  " 0 .8  b a r s "  f o r  a p p r o x im a te ly  24 h o u r s .  S o i l  s o l u t i o n  sam p les  
w e re  e a s i l y  o b t a i n e d ,  f r e q u e n t l y  w i t h i n  two h o u r s ,  f o r  t h e  low s u c t i o n  
t r e a t m e n t s .  As much a s  24 h o u r s  w ere  n e ed e d  t o  o b t a i n  a  s o i l  s o l u t i o n  
sam ple  f o r  t h e  h ig h  s u c t i o n  t r e a t m e n t .
R oot s am p les  w ere  t a k e n  a t  t h e  t im e  o f  h a r v e s t  from  e ac h  p o t  
and e v a l u a t e d  f o r  m y c o r r h i z a l  f u n g i .
S am ples  o f  s o i l  w ere  t a k e n  from  e a c h  p o t  f o r  m o i s t u r e  d e t e r m i n a ­
t i o n .  One sam ple  was t a k e n  from  t h e  s u r f a c e  s o i l  ( 0 .5  cm) and  a  second  
sam ple was t a k e n  below  th e  5 -cm d e p t h .  Each sam ple  c o n s i s t e d  o f  two 
s u b - s a m p le s .  Only s u r f a c e  sam p le s  w e re  c o l l e c t e d  from  th e  ponded and 
s a t u r a t e d  t r e a t m e n t s .
D. G row thcham ber Experiments
1 .  T e m p e ra tu re  and S o i l  T y p e s .
A t h r e e - p a r t  g ro w th  cham ber e x p e r im e n t  was c o n d u c te d  i n  o r d e r  
t o  s tu d y  t h e  e f f e c t s  o f  t e m p e r a t u r e  on m i n e r a l  l e v e l s  i n  r y e g r a s s  f o r a g e ,  
A c o m p le te ly  ran d o m ized  d e s i g n  w i t h  a  s p l i t - p l o t  a r r a n g e m e n t  o f  t r e a t ­
m en ts  was u s e d  and i n c lu d e d  one l e v e l  o f  s o i l  m o i s t u r e ,  two s o i l s  and 
f i v e  h a r v e s t  d a t e s .  The two s o i l s  w ere  t h e  F a la y a  s i l t  loam and Mhoon 
s i l t y  c l a y  loam d e s c r i b e d  p r e v i o u s l y .  P l a s t i c  f l a t s ,  e a c h  c o n t a i n i n g  
15 kg o f  a l r - d r y  s o i l ,  w ere  p r e p a r e d .  E ach  s o i l  was r e p l i c a t e d  f o u r  
t i m e s ,  g i v i n g  a  t o t a l  o f  e i g h t  f l a t s .  F iv e  p a r a l l e l  rows o f  ryegrass  seed
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w ere  p l a n t e d  i n  e ac h  f l a t  and  n i t r o g e n , a s  ammonium n i t r a t e ,  was a p p l i e d  
a t  t h e  r a t e  o f  SO ppm on d a y  one o f  t h e  e x p e r im e n t .  I n  t r i a l  one, th e  
f l a t s  w ere  p la c e d  i n  a  g re e n h o u se  f o r  a  p e r i o d  o f  17 d a y s .  G reen h o u se  
t e m p e r a t u r e s  ra n g e d  be tw een  18 and  30 C. On day  18 th e  f l a t s  w ere  
p la c e d  i n  a  g ro w th  cham ber w here  th e y  re m a in ed  f o r  22 d a y s .  A i r  tem ­
p e r a t u r e s  w e re  m a in t a in e d  i n  a  r a n g e  o f  8 -1 1  C and  s o i l  t e m p e r a t u r e s  
w e re  h e ld  a t  7 -1 1  C. The g ro w th  c h am b er ,  e s p e c i a l l y  d e s ig n e d  and b u i l t  
f o r  t h i s  p r o j e c t  p r o v id e d  2200-2800  f o o t  c a n d le s  o f  l i g h t  by means o f  
e i g h t  6 0 - w a t t  i n c a n d e s c e n t  b u l b s  and t e n  1 2 0 - w a t t  c o o l  w h i t e ,  96 i n c h ,  
v e r y  h ig h  o u tp u t  f lu o r e s c e n t  b u l b s .  The g ro w th  cham ber was p la c e d  i n  a  
c o n t r o l l e d  t e m p e r a t u r e  room. P l a n t s  w ere  e x p o se d  t o  a l t e r n a t i n g  p e r i o d s  
o f  l i g h t  and  d a r k  o f  12 h o u r s  d u r a t i o n  e a c h .  By day  21 a l l  s o i l s  had 
b e en  b r o u g h t  t o  a s a t u r a t e d  m o i s t u r e  c o n d i t i o n  w i t h  d i s t i l l e d  w a t e r .
The s a t u r a t i o n  p o i n t  was m a i n t a in e d  f o r  t h e  r e m a in d e r  o f  t h e  e x p e r im e n t .  
On d a y  3 9 ,  a f t e r  22 d a y s  o f  c o l d  t e m p e r a t u r e  e x p o s u r e ,  t h e  f l a t s  w ere  
r e t u r n e d  t o  t h e  g re e n h o u se  w h ere  a i r  t e m p e r a t u r e s  o f  2 8 -3 3  C and  s o i l  
t e m p e r a t u r e s  o f  21-25  C w ere  m a in t a in e d  f o r  t h e  r e m a in in g  e i g h t  d ay s  o f  
t h e  e x p e r i m e n t .  One row o f  g r a s s  t a k e n  a t  random  from  e a c h  f l a t  was 
h a r v e s t e d  on day  39 b e f o r e  f l a t s  w ere  t r a n s f e r r e d  t o  t h e  g r e e n h o u s e .  The 
r e m a in in g  f o u r  rows w ere  random ly  h a r v e s t e d  from  e a c h  f l a t  on a l t e r n a t e  
d a y s  t h e r e a f t e r .  The e x p e r im e n t  was t e r m i n a t e d  a f t e r  t h e  f i f t h  row was 
h a r v e s t e d  on day  4 7 .  R y eg ra s s  was h a r v e s t e d  a t  a  two-cm s t u b b l e  h e i g h t ,  
d r i e d ,  g ro u n d  and  c h e m i c a l ly  a n a l y z e d .
T r i a l  two was r e p e a t e d  i n  th e  same m anner e x c e p t  t h a t  th e  c o ld  
t e m p e r a t u r e s  o f  th e  g ro w th  cham ber w ere  lo w e r .  A i r  t e m p e r a t u r e s  o f  2 -5  C 
and s o i l  t e m p e r a t u r e s  o f  0 -3  C w ere  m a in t a in e d  f o r  th e  2 2 -d a y  p e r i o d .  An
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e l e c t r i c  f a n  was I n s t a l l e d  t o  c i r c u l a t e  a i r  an d  a s s i s t  i n  m a i n t a i n i n g  
t h e  c o l d  t e m p e r a t u r e  by  m oving  h e a t  away fro m  t h e  l i g h t s .  On t h e  1 2 th  
d a y  o f  t h e  c o l d  t r e a t m e n t  a  b reak d o w n  I n  t h e  s y s te m  a l l o w e d  t h e  t e m p e r a ­
t u r e  t o  r i s e  t o  35 C f o r  s e v e r a l  h o u r s .  Low t e m p e r a t u r e  was r e e s t a b ­
l i s h e d  h o w ev er  w i t h i n  18 h o u r s .  F l a t s  w e re  r e r a n d o m iz e d  one  a d d i t i o n a l  
t im e  w h i l e  t h e y  r e m a in e d  I n  t h e  g ro w th  c h a m b e r .  T r i a l  t h r e e  was c o n ­
d u c t e d  i n  t h e  same m an n er  w i t h  a i r  t e m p e r a t u r e s  d u r i n g  t h e  2 2 - d a y  c o l d  
p e r i o d  r a n g i n g  fro m  8 - 1 3  C and  s o i l  t e m p e r a t u r e s  o f  8 -1 2  C. G re en h o u se  
t e m p e r a t u r e s  d u r i n g  t h e  f i n a l  e i g h t  d a y s  o f  t h e  t h i r d  t r i a l  w ere  
s l i g h t l y  h i g h e r  t h a n  b e f o r e ,  r a n g i n g  f ro m  2 8 - 3 4  C a n d  2 4 -2 7  C f o r  a i r  
and  s o i l  t e m p e r a t u r e s ,  r e s p e c t i v e l y .
2 .  T e m p e r a t u r e .  S o i l  Type and  M o i s t u r e  L e v e l
A s e c o n d  g ro w th  cham ber e x p e r i m e n t  was d e s i g n e d  t o  I n c l u d e  tw o 
s o i l s ,  tw o  l e v e l s  o f  s o i l  m o i s t u r e  and  f i v e  s a m p l in g  d a t e s .  The com- 
p l e t e l y  r a n d o m iz e d  d e s i g n  w i t h  a  s p l i t - p l o t  a r r a n g e m e n t  o f  t r e a t m e n t s  
was c o n d u c te d  a s  t h e  p r e v i o u s l y  d e s c r i b e d  g ro w th  cham ber e x p e r im e n t s  
w i t h  t h e  f o l l o w i n g  e x c e p t i o n s ;  t h e  e n t i r e  e x p e r im e n t  was c o n d u c te d  i n ­
s i d e  t h e  g ro w th  cham ber w i t h  t h e  warm p e r i o d s  m a i n t a i n e d  a t  75 ^ 4  c  and  
t h e  c o l d  p e r i o d  m a i n t a i n e d  a t  1 -3  C a i r  and  0 -1  C s o i l  t e m p e r a t u r e s ;  
f l a t s  w e re  r e r a n d o m iz e d  d a i l y ;  and  c o l d  t r e a t m e n t  was c o n t i n u e d  f o r  16 
I n s t e a d  o f  22 d a y s  due  t o  l o s s  o f  c o n t r o l  o f  t h e  c o o l i n g  s y s t e m .  S o i l  
m o i s t u r e  l e v e l s  w e re  m a i n t a i n e d  a t  0 . 3  b a r s  and  a  ponded  c o n d i t i o n  by  
t h e  m e th o d s  d e s c r i b e d  i n  t h e  g r e e n h o u s e  e x p e r i m e n t .  The p o nded  c o n d i ­
t i o n  was e s t a b l i s h e d  by d ay  s i x  o f  t h e  e x p e r i m e n t .  H a r v e s t i n g  o f  f o r a g e  
s a m p le s  w as b eg u n  on t h e  l a s t  d a y  o f  c o l d  t r e a t m e n t  and  c o n t i n u e d  on 
a l t e r n a t e  d a y s  t h r o u g h  th e  f i v e  s a m p l in g  d a t e s .  S o i l  s o l u t i o n  s a m p le s
29
w ere  t a k e n  from  th e  ponded s o i l s  a t  t h e  t im e  o f  e a c h  h a r v e s t  th ro u g h  
t e n s l o m e t e r s .  S o l u t i o n s  w ere  f i l t e r e d  th ro u g h  No. 42 Whatman f i l t e r  
p a p e r .  Aluminum, Mn, C a, Mg and K w ere  d e te r m in e d  d i r e c t l y  on t h e  f i l ­
t r a t e ,  w i t h  no f u r t h e r  d i l u t i o n s  o r  a d d i t i o n s ,  p h o sp h o ru s  was d e t e r ­
m ined  by t h e  aamonium m o l y b d a t e - s u l f u r i c  a c i d  s t a n n o u s  c h l o r i d e  m ethod . 
F o rag e  sa m p le s  w ere  a n a ly z e d  a s  p r e v i o u s l y  d e s c r i b e d .
E . Bickham P a s t u r e  I n v e s t l g a t i o n
F i e l d  p l o t s  w ere  e s t a b l i s h e d  i n  a  p a s t u r e  on t h e  L . Bickham 
fa rm ,  a p p r o x im a te ly  16 k i l o m e t e r s  s o u th  o f  S t .  F r a n c l s v l l i e , L o u i s i a n a ,  
i n  o r d e r  t o  m o n i to r  f o r a g e  l e v e l s  o f  A l ,  Mn, Zn , Mg, Ca, P ,  and K from 
t h e  t im e  o f  p a s t u r e  e s t a b l i s h m e n t  th r o u g h  th e  g r a s s  t e t a n y  s e a s o n .  F ou r 
l o c a t i o n s  w ere  s e l e c t e d  t o  I n c lu d e  b o th  w e l l - d r a i n e d  and p o o r l y - d r a i n e d  
s i t e s .  A t h r e e - m e t e r  s q u a r e  m e t r i c s  p l o t  was s t a k e d  and fe n c e d  a t  e ac h  
l o c a t i o n  a f t e r  t h e  r y e g r a s s  p a s t u r e  was e s t a b l i s h e d  by th e  n o rm a l  p r a c ­
t i c e s  o f  t h e  f a r m e r .  S o i l  t e m p e r a t u r e  was m o n i to r e d  by means o f  th e rm o ­
m e te r s  i n s e r t e d  i n  t h e  s o i l  t o  a  d e p th  o f  8  cm a t  e ac h  l o c a t i o n .
R ea d in g s  w ere  t a k e n  a t  th e  t im e  o f  f o r a g e  s a m p l in g .  A i r  t e m p e r a t u r e  was 
c o n s t a n t l y  m o n i to r e d  by a  W ea th e r  M easure  Model H311 h y g r o th e rm o g r a p h .  
S o i l  m o i s t u r e  was a l s o  d e te r m in e d  a t  e a c h  l o c a t i o n  e ac h  t im e  f o r a g e  
sam p le s  w ere  c o l l e c t e d .  D e te r m in a t io n s  were made by o v e n - d r y in g  s o i l  
sam p le s  a t  100 C f o r  24 h o u r s .  T h ree  s a m p le s ,  e a c h  c o n s i s t i n g  o f  t h r e e  
s u b - s a m p le s  t a k e n  t o  a  d e p th  o f  8  cm, w e re  c o l l e c t e d  a t  e a c h  s i t e .  The 
p e r c e n t  m o i s t u r e  was d e te r m in e d  on  e a c h  o f  th e  t h r e e  sam p le s  and th e n  
a v e r a g e d  t o  g i v e  th e  p e r c e n t  m o i s t u r e  a t  e a c h  l o c a t i o n .  A v i s u a l  
d e t e r m i n a t i o n  o f  s o i l  m o i s t u r e  was a l s o  r e c o r d e d  on th e  b a s i s  o f  po n d ed , 
s a t u r a t e d  o r  l e s s  t h e n  s a t u r a t i o n  c o n d i t i o n s .
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F o r a g e  s a m p le s  f o r  c h e m ic a l  a n a l y s i s  w e re  c o l l e c t e d  ra n d o m ly  
w i t h i n  e a c h  p l o t  e v e r y  f o u r  t o  s e v e n  d a y s  b e g i n n i n g  O c to b e r  2 9 ,  197S 
a n d  c o n t i n u i n g  th r o u g h  A p r i l  1 , 1979 .
L o c a t i o n s  A a n d  fi w e re  on  L o r ln g  s i l t  loam s o i l  (T y p ic  
F r a g l u d a l f )  an d  l o c a t i o n  C was on Memphis s i l t  loam  (T y p lc  H a p l u d a l f ) .  
T h e se  w e re  n e a r l y  l e v e l  t o  g e n t l y  s l o p i n g ,  w e l l - d r a i n e d , m o d e r a t e l y  
p e rm e a b le  u p la n d  s o i l s  fo rm ed  i n  l o e s s  m ore  t h a n  f o u r  f e e t  t h i c k .  
L o c a t i o n  D was on F a l a y a  s i l t  loam  ( A e r i e  F l u v e n t l c  H a p l a q u e n t ) ,  a  
somewhat p o o r l y - d r a i n e d  a l l u v i a l  s o i l  d e r i v e d  from  s i l t y  a l l u v i u m  from  
l o e s s .  The s o i l  p r o f i l e  a n a l y s e s  a r e  i n  T a b le  5 .
F .  £ n  V i t r o  ETrpgytynent:a
An i n - v l t r o  s t u d y  was d e s i g n e d  t o  d e t e r m i n e  t h e  e f f e c t s  o f  Al 
a n d  Mn on  Mg and  Ca s o l u b i l i t y .  H a l f - g r a m  ( 0 . 5  g )  s a m p le s  o f  d r i e d ,  
g ro u n d  r y e g r a s s  a n d  25 ml o f  p r e p a r e d  b u f f e r  s o l u t i o n  ( M c D o u g a l l 's  
a r t i f i c i a l  s a l i v a  b u f f e r )  w e re  p l a c e d  i n t o  e a c h  o f  14 c e n t r i f u g e  t u b e s .  
S ev en  t r e a t m e n t s  w e re  u s e d  i n  d u p l i c a t e  a s  f o l l o w s ;  C o n t r o l ,  1 ,0 0 0  and
2 ,0 0 0  ppm Mn, 4 ,0 0 0  a n d  8 ,0 0 0  ppm A l ,  1 ,0 0 0  ppm Mn p l u s  4 ,0 0 0  ppm A l ,  
a n d  2 ,0 0 0  ppm Mn p l u s  8 ,0 0 0  ppm A l .  T r e a tm e n t  c o n c e n t r a t i o n s  a r e  e x ­
p r e s s e d  on t h e  b a s i s  o f  ppm I n  d r y  p l a n t  m a t e r i a l .  T r e a tm e n t  c o n c e n t r a ­
t i o n s  i n  t h e  t o t a l  3 7 -m l f i n a l  v o lu n e a  w e re  14 and  28 ppm Mn, 57 a n d  114 
ppm A l a n d  t h e  r e s p e c t i v e  c o m b in a t io n s  o f  t h e  low a n d  h i g h  t r e a t m e n t s .  
E ach  e le m e n t  was a d d e d  I n  t h e  s u l f a t e  f o r m .  T r e a tm e n t s  w e re  a d d ed  by  
p r e p a r i n g  s i x  s t o c k  s o l u t i o n s ,  one  f o r  e a c h  t r e a t m e n t  l e v e l  o f  Mn 
a n d / o r  A l ,  s o  t h a t  t h e  2 -m l a l i q u o t  o f  s t o c k  s o l u t i o n  c o n t a i n e d  t h e  
d e s i r e d  t r e a t m e n t  c o n c e n t r a t i o n .  Two m i l l i l i t e r s  o f  d i s t i l l e d  w a t e r  
w as a d d ed  t o  t h e  c o n t r o l s .  The t u b e s  w e re  p l a c e d  I n t o  a  w a t e r  b a t h
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T a b le  5 .  A n a l y s i s  o f  p r o f i l e  s a m p le s  Caken a t  s i t e s  A , B, C, and  
D I n  t h e  B ickham  r e s e a r c h  p a s t u r e .
S i t e
Samp l e  




a b l e  
A l
T o t a l
A c i d i t y pH
cm
0 - 1 0 63 96
ppm 
L o r ln g  s i l t  
1108 280
loam
43 6 4 .9
____ meq/lOOg ____
0 . 0 0  0 .3 0 7 .2
A 1 0 - 2 0 6 39 617 134 41 1 0 4 .0 0 . 0 0 0 . 2 0 6 . 5
2 0 -3 6 5 37 812 163 46 3 7 .7 0 . 0 0 0 . 2 0 6 . 2
36 -6 1 5 90 1477 431 73 1 2 .4 0 . 0 0 0 .2 5 6 . 2
6 1 -8 6 1 2 79 1037 468 116 1 1 .4 0 .4 9 1 . 1 0 5 .6
8 6 + 16 65 685 393 1 0 2 1 7 .1 1 .5 7 2 .9 0 5 .5
0 -  8 42 57
L o r ln g
1678
; s i l t
91
loam
46 7 2 .5 0 . 0 0 0 .3 0 7 .1
B 8 -1 8 9 53 664 89 41 1 4 7 .9 0 . 0 0 0 .3 0 5 . 9
18-38 5 26 578 151 53 9 8 .6 0 . 2 0 0 .5 0 5 .6
38 -5 6 5 70 858 441 107 2 4 .4 0 .5 9 1 .6 0 5 .6
5 6 -8 6 8 64 721 414 104 1 9 .4 1 .6 2 2 . 6 0 5 .5
0 -  6 19 37
Memphis s l i t
926 99
loam
50 9 5 .3 0 . 0 0 0 .3 0 6 . 3
C 6 -2 5 5 19 398 8 6 48 1 1 4 .4 0 .4 9 1 . 0 0 5 .5
2 5 -4 1 5 2 2 446 175 65 5 8 .7 0 .2 4 0 .8 0 5 .7
4 1 -8 1 5 6 6 484 349 92 1 2 .3 2 .6 5 3 .2 0 5 .5
8 1 -1 0 7 5 96 349 358 104 8 .3 3 .2 3 4 . 8 0 5 . 4
0 -  5 91 91
F a la y a
1852
s i l t
154
loam
67 5 0 .8 0 . 0 0 0 .3 0 6 . 9
D 5 -1 8 2 0 48 8 6 8 1 2 0 61 7 4 .2 0 . 0 0 0 .3 0 5 . 9
18-56 6 16 400 94 6 8 8 9 .3 0 .5 9 1 . 2 0 5 .5
56 -8 1 5 2 1 377 141 81 3 7 .3 0 .9 8 1 .5 0 5 .6
81+ 5 61 443 323 141 1 7 .8 4 .6 5 6 .4 5 5 . 4
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(39 C) and  a l lo w e d  t o  s t a n d  f o r  15 m i n u t e s .  Each tu b e  was t h e n  i n o c u ­
l a t e d  w i th  10 ml o f  rumen f l u i d .  Tubes w ere  f l u s h e d  w i t h  CO2  f o r  15 
s e c o n d s  and s to p p e r e d  t i g h t l y .  The f i n a l  volume i n  e a c h  tu b e  was 37 m l.
A t t h e  same t i m e ,  a s eco n d  s e t  o f  tu b e s  was p r e p a r e d  e x a c t l y  
a s  t h e  f i r s t  e x c e p t  t h a t  t h e y  c o n t a i n e d  no f o r a g e .  A t h i r d  s e t  was 
s i m u l t a n e o u s l y  p r e p a r e d  l e a v i n g  o u t  b o th  f o r a g e  and rumen f l u i d  so  t h a t
th e y  c o n ta i n e d  o n ly  b u f f e r  and  t r e a t m e n t  s o l u t i o n s .  Ten m i l l i l i t e r s  o f
d i s t i l l e d  w a te r  w ere  added  t o  e a c h  tu b e  i n  t h e  t h i r d  s e t  t o  m a i n t a i n  
th e  same f i n a l  v o lu n e  and  t r e a t m e n t  d i l u t i o n  r a t e s .  A l l  tu b e s  w ere  
In c u b a te d  w i t h  c o n s t a n t  a g i t a t i o n  f o r  48 h o u r s .  T ubes  o f  s e t  one and
two r e c e i v e d  a  c o n s t a n t  f lo w  o f  CO2 •
A f t e r  48 h o u r s  th e  t u b e s  w ere  removed from th e  w a te r  b a t h ,  
p l a c e d  i n  a  c e n t r i f u g e  f o r  1 0  m in u te s  a t  1800 g and  f i l t e r e d  th r o u g h  
Whatman Ho. 41 f i l t e r  p a p e r .  Magnesitmi and  Ca w ere  d e te r m in e d  on th e  
f i l t r a t e ,  w i t h  no  f u r t h e r  d i l u t i o n .
G. In Vivo Experiments
1 .  F i a t u l a t e d  S t e e r s
F o u r f l s t u l a t e d  s t e e r s  w ere  t r e a t e d  w i t h  Al and Mn i n  t h e  s u l ­
f a t e  fo rm , i n  o r d e r  t o  s t u d y  t h e i r  e f f e c t s  on b lo o d  serum  Mg and Ca 
l e v e l s  I n  v i v o . One H o l s t e i n  and  t h r e e  H e re f o rd  S t e e r s  w ere  p la c e d  i n  
a  L a t i n  S q u a re  e x p e r im e n t .  A l l  a n im a l s  w ere  m a in t a in e d  on a  b a s a l  d i e t  
o f  bermuda g r a s s  hay  w h ich  a n a ly z e d  a s  f o l l o w s :  Mn 220 ppm, A l 40  ppm,
Mg 2850 ppm, Ca 2800 ppm and K 1.87.. A n im als  w e re  i n d i v i d u a l l y  s t a l l e d ,  
f e d ,  and w a t e r e d .  The H e r e f o r d s  r e c e i v e d  7 kg an d  th e  H o l s t e i n  9 kg 
o f  h a y  d a l l y  w h ich  was n o r m a l ly  t o t a l l y  c o n s is te d .  W ate r  was s u p p l i e d  
f r e e  c h o i c e .  No o t h e r  m i n e r a l s  o r  s u p p le m e n ts  w ere  f e d .  A l l  a n im a ls
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w ere  s t a n d a r d i z e d  t o  t h e  hay  d i e t  f o r  19 d a y s  b e f o r e  t r e a t m e n t  b e g an .  
T r e a tm e n ts  w ere  a s  f o l l o w s :  C o n t r o l ,  4 ,0 0 0  ppm A l ,  2 ,0 0 0  ppm Mn, and
2 ,0 0 0  ppm Mn p lu s  4 ,0 0 0  ppm A l ,  c a l c u l a t e d  a s  ppm o f  d r y  d a l l y  f e e d  
a l l o t m e n t .  Aluminum and Mn w ere  d i s s o l v e d  i n  2 ,0 0 0  and 500 ml o f  d l s -  
t i l l e d  w a t e r ,  r e s p e c t i v e l y  an d  w ere  a d m i n i s t e r e d  v i a  rumen c a n n u la  I n t o  
t h e  v e n t r a l  s a c .  A n im als  w e re  i n i t i a l l y  s e l e c t e d  a t  random f o r  t r e a t ­
m en ts  b u t  d u r i n g  s u c c e s s i v e  t r e a t m e n t  p e r i o d s  t r e a t m e n t s  w ere  r o t a t e d  
u n t i l  e v e r y  a n im a l  had been  on e v e r y  t r e a t m e n t .  B lood and rumen f l u i d  
sam p le s  w ere  c o l l e c t e d ,  t r e a t m e n t s  a d m i n i s t e r e d  an d  a n im a l s  fe d  a t  th e  
same t im e  e a c h  m o rn in g .
B lood sam p les  w ere draw n by  ven a  p u n c tu r e  o f  t h e  j u g u l a r  v e i n  
u s i n g  a  2 0 -g a u g e  n e e d l e  and a  15-ml v a c u t a l n e r  c o l l e c t i o n  t u b e .  The 
sam p le s  w ere  a l lo w e d  t o  c l o t  f o r  t h r e e  h o u rs  a t  room t e m p e r a t u r e  th e n  
c e n t r i f u g e d  f o r  25 m in u te s  a t  4 ,6 0 0  g .  T w o - m l1 1 1 l i t e r  a l i q u o t s  o f  serum  
w ere  p i p e t t e d  i n t o  c l e a n  v a c u t a l n e r s .  Twenty m i l l i l i t e r s  o f  g l a s s - l i n e d  
d i a t i l l e d - w a t e r  c o n t a i n i n g  57, HC1 was added  f o r  a  1 :11  d i l u t i o n  r a t e .  
C alc ium  and Mg w ere  d e te r m in e d  w i t h  a n  a to m ic  a b s o r p t i o n  s p e c t r o p h o t o ­
m e te r  w i th  no  f u r t h e r  d i l u t i o n  o r  a d d i t i o n s .
Rumen f l u i d  sam ples  w e re  o b t a i n e d  and Im m e d ia te ly  s t r a i n e d  
th ro u g h  e i g h t  l a y e r s  o f  c h e e s e  c l o t h  i n t o  p l a s t i c  b a g s .  Sam ples w ere  
t h e n  t a k e n  i n t o  t h e  l a b o r a t o r y ,  c e n t r i f u g e d  f o r  1 0  m in u te s  a t  1800 g and 
f i l t e r e d  t h r o u g h  No. 41 Whatman f i l t e r  p a p e r .  Alianlnum and Mn were 
d e te r m in e d  on th e  f i l t r a t e s .  A f i v e - m l  a l i q u o t  was d i l u t e d  w i t h  d i s ­
t i l l e d  w a te r  t o  g iv e  a  1 :1 0  d i l u t i o n  f o r  th e  d e t e r m i n a t i o n  o f  Ca and 
Mg.
A seco n d  sam ple  o f  rumen f l u i d  was ta k e n  from e a c h  a n im a l  f o r  
an  in m e d ia te  d e t e r m i n a t i o n  o f  pH u s in g  a  Beckman Chem-Mate Model 73 pH
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m e t e r .  C o l l e c t i o n  o f  b lo o d  and  rumen f l u i d  sam p le s  began  a t  l e a s e  f o u r  
d a y s  b e f o r e  t r e a t m e n t s  began  and  c o n t in u e d  a f t e r  t h e  end  o f  th e  f o u r  
day  t r e a t m e n t  p e r i o d  u n t i l  serum  Mg l e v e l s  w ere  b a ck  w i t h i n  n o rm a l 
l i m i t s .
2 .  L a c t a t i n g  Cows
E i g h t  c r o s s b r e d  l a c t a t i n g  cow s, a p p r o x im a te ly  two weeks p o s t -  
p a r t i m ,  w ere  random ly  d i v i d e d  i n t o  t h r e e  t r e a t m e n t  g ro u p s  I n  a  com­
p l e t e l y  ran d o m ized  d e s i g n  w i t h  a  s p l i t - p l o t  a r ra n g e m e n t  o f  t r e a t m e n t s .  
A l l  a n im a l s  w ere  m a in t a in e d  on bermuda g r a s s  h a y  and w ere  g r o u p - f e d  
f r e e  c h o ic e  u n d e r  d r y l o t  c o n d i t i o n s  w i t h  f r e e  a c c e s s  t o  w a t e r .  The hay  
c o n t a i n e d  190 ppm Mn, 100 ppm A l ,  2050 ppm Mg, 3500 ppm C a , 1200 ppm P 
and 1 .45Z K. A nim als  w ere  s t a n d a r d i z e d  t o  th e  hay  d i e t  f o r  s i x  day s  
b e f o r e  t r e a t m e n t s  b e g a n .  Group o n e ,  t h e  c o n t r o l  g r o u p ,  c o n t a i n e d  two 
a n i m a l s .  G roups two and  t h r e e ,  w i th  t h r e e  a n im a l s  e a c h ,  w e re  d o sed  once 
d a i l y  w i t h  4 ,0 0 0  ppm A l and 4 ,0 0 0  ppm Al p l u s  2 ,0 0 0  ppm Mn, r e s p e c t i v e l y ,  
c a l c u l a t e d  a s  ppm i n  a  9 kg a v e r a g e  d a l l y  fe e d  i n t a k e .  B o th  Al and  Mn 
w ere  i n  t h e  s u l f a t e  fo rm . A luninum and Mn d i s s o l v e d  i n  2 0 0 0 ,  i n  500 ml 
o f  d i s t i l l e d  w a te r  r e s p e c t i v e l y ,  were  a d m i n i s t e r e d  by  s to m a ch  t u b e .  
T r e a tm e n ts  w ere  c o n t in u e d  f o r  a  t o t a l  o f  f o u r  d a y s .  B lood sam p les  w ere  
c o l l e c t e d  e a c h  day  a t  t h e  t im e  t r e a t m e n t s  w ere  a d m i n i s t e r e d  and h a n d le d  
i n  t h e  same m anner a s  i n  th e  p r e v i o u s  e x p e r i m e n t . C o l l e c t i o n  o f  b lo o d  
sam p les  b egan  f i v e  d ay s  b e f o r e  t r e a t m e n t s  b eg an  and c o n t in u e d  f o r  f o u r  
days  a f t e r  t r e a t m e n t s  w ere  d i s c o n t i n u e d .  Rumen sam p les  w e re  n o t  
c o l l e c t e d  i n  t h i s  e x p e r im e n t .
RESULTS AND DISCUSSION
A. Caae H i s t o r i e s
G ra s s  t e t a n y  was d ia g n o s e d  a t  e l e v e n  d i f f e r e n t  l o c a t i o n s  i n  
s i x  p a r i s h e s  i n  L o u i s i a n a  and  one l o c a t i o n  i n  T e n n e ss e e  d u r in g  th e  
t h r e e  y e a r s  o f  t h i s  i n v e s t i g a t i o n .  T e ta n y  o c c u r r e d  on s e v e r a l  ty p e s  
o f  p a s t u r e  f o r a g e s  i n c l u d i n g  r y e g r a s s , r y e g r a s s  and  o a t s ,  r y e g r a s s  and 
w heat and  f e s c u e  ( F e s tu c a  a r u n d l n a c e a . S c h r e b . ) .  One g r a s s  t e t a n y  o u t ­
b re a k  was a l s o  d ia g n o s e d  i n  a  g ro u p  o f  d a i r y  co w s, c l o s e l y  f o l lo w in g  
p a r t u r i t i o n ,  on a  d i e t  o f  r y e g r a s s  hay  su p p lem en te d  w i th  a  c o n c e n t r a t e  
r a t i o n .  S e v e r a l  a n im a ls  d i e d  a f t e r  hay  f e e d in g  b e g a n .  M in e r a l  a n a l y ­
s e s  o f  f o r a g e s  from  t e t a n y  p a s t u r e s  a r e  g iv e n  i n  T a b le  6 . A l th o u g h  
t h r e e  t o  tw e lv e  f o r a g e  sam p les  w ere  c o l l e c t e d  from  e a c h  p a s t u r e ,  th e  
m i n e r a l  a n a l y s e s  a r e  r e p o r t e d  h e r e  f o r  o n ly  t h e  sam p les  w i t h  th e  
h i g h e s t  and  lo w e s t  A l l e v e l s .
The d a t a  i n  T a b le  6  i n d i c a t e  t h a t  t h e  A l l e v e l s  found  i n  t e t a n y  
f i e l d  f o r a g e s  w ere  much g r e a t e r  th a n  t h e  l e v e l s  n o r m a l ly  e x p e c te d  t o  
o c c u r  i n  ag ro n o m ic  c r o p s .  Underwood (1 1 0 )  i n  a  r e v ie w  o f  th e  l i t e r a ­
t u r e  r e p o r t e d  10 t o  50 ppm Al a s  b e in g  t y p i c a l  o f  m ost g r a s s e s  and 
c l o v e r s .  Altaainum l e v e l s  i n  t h e  t e t a n y  p a s t u r e s  o f  t h i s  s tu d y  coam only  
o c c u r r e d  i n  t h e  2 , 0 0 0 -  t o  8 , 0 0 0 -ppm r a n g e  w i t h  one sam ple  c o n t a i n i n g  
1 4 ,5 0 0  ppm A l .
A seco n d  im p o r t a n t  p o i n t  o b t a i n e d  from th e  d a t a  i n  T a b le  6  was 
t h a t  v a r i a b i l i t y  i n  f o r a g e  A l c o n c e n t r a t i o n s  among sa m p l in g  s i t e s  w i t h i n  
p a s t u r e s  was v e r y  g r e a t .  The sam ple  w i t h  th e  h i g h e s t  A l l e v e l  i n  e a c h  
p a s t u r e  g e n e r a l l y  c o n ta i n e d  two t o  e i g h t  t im e s  h i g h e r  c o n c e n t r a t i o n s  t h a n
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T a b le  6 . M in e r a l  a n a l y s e s  o f  f o r a g e  s a m p le s  from  g r a s s  t e t a n y  p a s t u r e s  
i n  L o u i s i a n a ,  1 9 7 7 -7 9 .
P a s t u r e
No.
Samp l e +
No. D ate Al Mn Zn Ca Mg P K
%ppm
1 1 2 / 3 / 7 7 41 4 0 240 39 4650 1800 3100 2 .6 5
2 3050 270 33 4150 1500 2850 2 .8 5
2 1 2 / 5 / 7 7 2 2 0 0 1840 34 1400 1050 3100 2 . 6 0
2 980 380 26 2300 1 1 0 0 2700 2 . 4 0
3 1 2 / 6 / 7 7 1730 1 2 0 2 2 3550 1 1 0 0 2050 2 .8 0
2 720 170 16 2850 1050 1900 3 . 0 0
4 1 2 / 9 / 7 7 1620 1 2 0 26 2450 1450 2700 3 .4 0
2 840 n o 25 2850 1300 2900 2 . 6 0
5 1 3 /2 5 /7 7 1250 180 28 6250 2350 44 5 0 4 .9 0
2 250 190 38 4150 3100 4200 4 .5 5
6 1 1 /2 4 /7 8 45 0 382 23 4875 1800 2700 1 .8 3
2 . 6 0 243 27 3500 1950 2850 2 .3 2
7 1 2 / 9 / 7 8 5960 135 54 4750 2450 3050 1 .8 4
2 720 84 37 5500 1350 2750 1 .5 1
8 1 2 /1 5 / 7 8 6170 248 35 5250 1750 2 0 0 0 1 .4 4
2 3730 522 32 4500 1400 2650 1 . 6 8
9 1 2 / 1 9 / 7 8 6780 242 34 3750 1850 2900 2 .0 3
2 1840 396 35 5950 1550 2950 1 .5 8
1 0 1 2 / 2 3 / 7 8 4410 741 30 3875 1600 2850 2 .34
2 1620 665 26 3650 1 2 0 0 3050 2 .5 0
1 1 1 1 /2 5 /7 9 14500 140 6 8 3600 3350 4450 2 . 7 0
2 390 80 45 1700 1600 4 6 5 0 3 .4 0
1 2 * 1 6 /7 9 8020 180 49 5900 2025 2600 1 .4 5
2 90 340 45 6200 1925 2800 1 .3 4
+ Sam ple n o .  1 and  2 r e p r e s e n t  s a m p le s  w i t h  t h e  h i g h e s t  and  lo w e s t  A l 
v a l u e s ,  r e s p e c t i v e l y ,  fo u n d  i n  e a c h  p a s t u r e .
^  F o ra g e  a t  t h i s  l o c a t i o n  was f e d  a s  h a y  r a t h e r  t h a n  g r a z e d  p a s t u r e .
t h e  sam p le  w i t h  t h e  lo w e s t  A1 l e v e l .  T h e se  d i f f e r e n c e s  I n  A1 l e v e l s  
w e re  e v e n  g r e a t e r  I n  p a s t u r e s  num bers  11 and  12. I t  was found  t h a t  A1 
l e v e l s  I n  t h e  f i e l d  f r e q u e n t l y  c h an g ed  d r a s t i c a l l y  w i t h i n  a  s h o r t  
d i s t a n c e .  As a  r e s u l t ,  h i g h  l e v e l s  o f  A1 a c c u m u l a t i o n  I n  t h e  f o r a g e  
o c c u r r e d  i n  s p o t s  r a t h e r  t h a n  b e i n g  e v e n l y  d i s t r i b u t e d  I n  t h e  p a s t u r e .
I t  w ou ld  be  e n t i r e l y  p o s s i b l e  f o r  i n d i v i d u a l  a n im a l s  i n  s u c h  a  f i e l d  t o  
a c c i a n u la t e  v e r y  d i f f e r e n t  l e v e l s  o f  A1 I n  t h e  ru m en , d e p e n d in g  upon  
w h e re  g r a z i n g  to o k  p l a c e .  A re a s  o f  h i g h  A1 a c c u m u l a t i o n  a p p e a r e d  t o  be 
a s  c l o s e l y  g r a z e d  a s  a r e a s  w i t h  low A1 l e v e l s .  I f  t h e r e  was a n  a n im a l  
p r e f e r e n c e  f o r  f o r a g e s  w i t h  e i t h e r  h ig h  o r  low l e v e l s  o f  A l ,  i t  was n o t  
d e t e c t e d .
R e l a t i v e l y  h ig h  Mn c o n c e n t r a t i o n s  w e re  fo u n d  i n  some sa m p le s  
a s  i n d i c a t e d  i n  T a b le  6 . B lak em o re  ( 6 ) c o n s i d e r e d  5 4 0 -1 3 2 0  ppm Mn 
t o  be  h i g h  f o r  r u m i n a n t  d i e t s  an d  s u g g e s t e d  a  p o s s i b l e  a s s o c i a t i o n  w i t h  
g r a s s  t e t a n y .  H ow ever, t h e  f o r a g e  Mn l e v e l s  i n  t h i s  s t u d y  w e re  n o t  
c o n s i s t e n t l y  h i g h .  O nly  f i v e  o f  t h e  tw e lv e  l o c a t i o n s  w e re  found  t o  
c o n t a i n  f o r a g e s  w h ic h  e x c e e d e d  5 0 0  ppm Mn. A low c o r r e l a t i o n  was fo u n d  
u n d e r  g r a s s  t e t a n y  c o n d i t i o n s  b e tw e e n  t h e  a c c u m u l a t i o n  o f  A l and Mn 
(T a b le  7 ) .
C o n c e n t r a t i o n s  o f  Mg w ere  g e n e r a l l y  be low  0 .2 0 Z ,  a  r e s u l t  t h a t  
o t h e r  r e s e a r c h e r s  h a v e  f r e q u e n t l y  n o t e d .  H ow ever, a  s i g n i f i c a n t  p o s i ­
t i v e  c o r r e l a t i o n  was fo u n d  t o  e x i s t  ( p £  0.001) b e tw e e n  Mg an d  A l accum u­
l a t i o n s  i n  f o r a g e s  fro m  t h e  t e t a n y  f i e l d s  ( T a b le  7 ) .  The o b s e r v e d  l e v e l s  
o f  Z n , C a ,  p ,  and  K w e re  t y p i c a l  o f  many c o o l - s e a s o n  f o r a g e  c r o p s .  
P o t a s s iu m  was s i g n i f i c a n t l y  c o r r e l a t e d  t o  p  a c c u m u l a t i o n  ( p ^ 0 .0 0 1 )  . Un­
u s u a l l y  h ig h  K c o n c e n t r a t i o n s  w ere  o b s e r v e d  a t  o n ly  one l o c a t i o n .  A
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T a b le  7 .  The c o r r e l a t i o n  c o e f f i c i e n t s  b e tw een  s o i l  m o i s tu r e  l e v e l s  and 
m i n e r a l  c o n c e n t r a t i o n s  i n  f o r a g e s  from g r a s s  t e t a n y  p a s t u r e s , 
1978 and 1979.
V a r i a b l e A l Mn Ca Mg P K
c o r r e l a t i o n c o e f f i c i e n t
P e r c e n t
s o i l
m o i s t u r e
0 .6 2 * * * 0 .4 5 * * 0 .1 4 0 .4 6 * * * - 0 .3 2 * 0 .0 6
Mn 0 .0 8 — — — — —
Ca 0 .1 4 -0 .4 4 * * — - - - -
Mg 0 .82*** 0 . 0 2 0 . 2 2 — — —
P - 0 .3 0 * - 0 .1 7 - 0 . 1 0 0 .0 3 - - —
K - 0 . 2 1 0 . 1 0 - 0 .0 4 0 .0 9 0 .6 4 * * * —
(*» **» ***» d e n o te  s i g n i f i c a n c e  a t  t h e  5 ,  1 an d  0.17. l e v e l ,  r e s p e c  
t  i v e l y . )
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s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  was fo u n d  b e tw e e n  p and  Al a c c u m u la ­
t i o n  ( F ^ Q . 0 5 ) .  No s i g n i f i c a n t  c o r r e l a t i o n s  w e re  o b s e r v e d  b e tw e e n  Ca 
o r  K and  A l (P 6  0 .0 5 )  .
S o i l  m o i s t u r e  p e r c e n t a g e  was fo u n d  t o  be h i g h l y  c o r r e l a t e d  w i t h  
A l a c c u m u l a t i o n  (P ^O.CGl) . A t o t a l  o f  58 f o r a g e  s a m p le s  w i t h  c o r r e s p o n d ­
in g  s o i l  m o i s t u r e  s a m p le s  fro m  t e t a n y  p a s t u r e s  w e re  a n a l y z e d  i n  t h e s e  
c o r r e l a t i o n s  (T a b le  7 ) .  A l l  s i t e s  w i t h  h ig h  f o r a g e  A l a c c u m u l a t i o n  w e re  
o b s e r v e d  t o  be u n d e r  c o n d i t i o n s  o f  h i g h  s o i l  m o i s t u r e  (T a b le  8 ) .
The o t h e r  i n f o r m a t i o n  o b t a i n e d  from  a n a l y s i s  o f  t h e  s o i l  
s a m p le s  from  t e t a n y  p a s t u r e s  was n o t  p a r t i c u l a r l y  h e l p f u l  i n  e x p l a i n i n g  
t h e  m i n e r a l  l e v e l s  found  i n  t h e  f o r a g e s  (T a b le  8 ) .  None o f  t h e  s o i l  
s a m p le s  a n a l y z e d  c o n t a i n e d  m e a s u r a b l e  am o u n ts  o f  e x c h a n g e a b le  A l .  The 
s o i l  pH v a l u e s , a t  t h e  l o c a t i o n s  o f  h i g h e s t  f o r a g e  A l l e v e l s ,  r a n g e d  
from  5 .1  t o  7 .3  w i t h  a n  e v e n  d i s t r i b u t i o n  o f  v a l u e s  a c r o s s  t h e  r a n g e .  
F o ra g e  A l a c c u m u l a t i o n  was n o t  c l o s e l y  a s s o c i a t e d  w i t h  t h e  pH o f  t h e  
c o r r e s p o n d i n g  s o i l  s a m p le .  E x t r a c t a b l e  Mn l e v e l s  w ere  h i g h l y  v a r i a b l e ,  
b o th  w i t h i n  and  among p a s t u r e s .  V a lu e s  r a n g e d  from  12 t o  308 ppm Mn. 
R e s u l t s  o b t a i n e d  f o r  t h e  o t h e r  m i n e r a l  e l e m e n t s ,  i n c l u d i n g  Mg, w ere  
g e n e r a l l y  w i t h i n  a c c e p t a b l e  r a n g e s .
No r e c u r r i n g  p a t t e r n  o f  a  p a r t i c u l a r  s o i l  s e r i e s  was found  among 
t h e  tw e lv e  l o c a t i o n s  i n  t h i s  s t u d y .  The s i t e  o f  h i g h e s t  A l a c c u m u l a t i o n  
o c c u r r e d  on  e i g h t  d i f f e r e n t  s o i l  s e r i e s  (T a b le  9 ) .  They g e n e r a l l y  t e n d e d  
t o  b e  t h e  m ore  p o o r l y - d r a i n e d  s o i l s  o f  t h e  f i e l d ,  h o w e v er .
S c a n n in g  r o o t  s a m p le s  f o r  m y c o r r h i t a l  f u n g i  p r o v id e d  no  b a s i s  
f o r  c o m p a r i s o n s  among t e t a n y  f i e l d s .  M y c o r r h i z a l  f u n g i  w e re  fo u n d  t o  be  
p r e s e n t  i n  m o s t  s a m p le s  b u t  a t  g e n e r a l l y  low l e v e l s  o f  I n f e c t i o n .  S am ples
40
T a b le  8 . A n a ly s i s  o f  s o i l  sam p le s  t a k e n  from  g r a s s  t e t a n y  p a s t u r e s  
a t  t h e  s i t e  o f  h i g h e s t  f o r a g e  aluminum a c c u m u la t io n .
P a s t u r e  E x ch an g eab le  
No. Al Mn P K Mg Ca Na PH M o is tu r e
1
meq/lOOg
-* 79 31 8 8
. ppm —
153 1 2 2 0 57 7 .0
-  % -
Ponded
2 m 308 115 118 26 1 1 0 67 5 .1 S a t u r a t e d
3 •• 37 24 173 203 1095 74 6 . 1 S a t u r a t e d
4 - 28 186 174 271 1185 72 5 .2 S a t u r a t e d
5 - 28 8 6 159 171 1145 45 6 . 3 S a t u r a t e d
6 0 99 41 41 38 630 61 6 . 2 32
7 0 1 2 330 382 940 4000+ 61 5 .7 64 (P onded)
8 0 48 48 1 2 0 175 2170 62 7 .3 41
9 0 52 57 280 277 2040 61 6 . 6 36
1 0 0 1 0 1 33 94 233 990 72 5 .6 45 (P onded)
1 1 0 55 300 500+ 755 3950 108 6 . 8 80
1 2 ** - - - - - - - -
(P onded)
*  B la n k s  i n d i c a t e  s o i l  t e s t  d a t a  w ere  n o t  a v a i l a b l e .
**A nim als  a t  t h i s  l o c a t i o n  w e re  on a h a y  d i e t .
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T a b le  9 .  The f o r a g e  s p e c i e s ,  s o i l  s e r i e s  a t  t h e  s i t e  o f  h i g h e s t  Al
a c c u m u la t io n  and  g e o g r a p h ic  l o c a t i o n  o f  g r a s s  t e t a n y  p a s t u r e s .
P a s t u r e
No.
F o rag e
S p e c ie s
S o i l L o c a t io n
1 r y e g r a s s Memphis s i l t  loam 
(T y p lc  H a p lu d a l f ) West F e l i c i a n a  P a r i s h
2 r y e g r a s s O l i v i e r  s i l t  loam 
(A quic  F r a g i u d a l f )
Z a c h a ry
E a s t  B a to n  Rouge P a r i s h
3 r y e g r a s s L o r in g  s i l t  loam 
(T y p ic  F r a g i u d a l f )
West F e l i c i a n a  P a r i s h
4 r y e g r a s s Mhoon s i l t y  c l a y  
( F l u v e n t i c  H a p la q u e n t )
L iv o n ia
P o in t  Coupee P a r i s h
5 r y e g r a s s W averly  s i l t  loam 
( F l u v e n t i c  H a p la q u e n t )
B eechgrove
E a s t  F e l i c i a n a  P a r i s h
6 o a t  and  
r y e g r a s s
Bude s i l t  loam 
( G lo s s a q u lc  F r a g i u d a l f )
S t ,  H e lena  P a r i s h
7 r y e g r a s s Mhoon s i l t y  c l a y  loam 
( F l u v e n t i c  H a p la q u e n t )
West; B a to n  Rouge P a r i s h
8 r y e g r a s s L o r in g  s i l t  loam 
(T y p lc  F r a g i u d a l f )
W est F e l i c i a n a  P a r i s h
9 r y e g r a s s O l i v i e r  s i l t  loam 
(A quic  F r a g i u d a l f )
West F e l i c i a n a  P a r i s h
1 0 r y e g r a s s F a la y a  s i l t  loam 
(A e r ie  F l u v e n t i c  
H a p la q u e n t )
West F e l i c i a n a  P a r i s h
1 1 w heat and 
r y e g r a s s
S h a rk e y  c l a y  
( V e r t l c  H a p la q u e n t )
E a s t  B a to n  Rouge P a r i s h
1 2 r y e g r a s s
hay
E a s t  B a to n  Rouge P a r i s h
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from  w e t t e r  l o c a t i o n s  g e n e r a l l y  c o n t a i n e d  few er  hypha t h a n  sam p les  from  
b e t t e r  d r a i n e d  a r e a s .
M in e r a l  a n a l y s e s  o f  rumen c o n t e n t  sam p les  from  t e t a n y  and  n o n -  
t e t a n y  a n im a ls  a r e  g iv e n  i n  T a b le  10. N o n - t e t a n y  a n im a l s  g ra z e d  on a 
v a r i e t y  o f  r y e g r a s s  and  m ixed g r a s s  p a s t u r e s  w i t h  t h e  e x c e p t i o n  o f  
a n im a l  A w h ic h  was on a  d i e t  o f  a l f a l f a  h a y .
The m ost o b v io u s  d i f f e r e n c e  i n  t h e  m i n e r a l  c o n t e n t  o f  rumen 
s a m p le s  from  t e t a n y  and  n o n - t e t a n y  a n im a l s  i s  t h e  h i g h e r  A l l e v e l s  i n  
t h e  t e t a n y  a n i m a l s .  Alumlman c o n c e n t r a t i o n s  i n  t h e  rumen sam p les  
r a n g e d  from  1630 t o  3390 ppm f o r  t h e  t e t a n y  a n im a l s  and from  330 t o  
310 ppm f o r  t h e  n o n - t e t a n y  a n i m a l s .  T h u s ,  t h e r e  was no o v e r l a p p i n g  o f  
A l l e v e l s  be tw een  t h e  two g ro u p s  o f  a n i m a l s .  T h i s  r e s u l t  was n o t  ob­
t a i n e d  f o r  any  o t h e r  m i n e r a l  u n d e r  i n v e s t i g a t i o n .  M anganese l e v e l s  i n  
t e t a n y  a n im a ls  w ere  g e n e r a l l y  h i g h e r  th a n  i n  n o n - t e t a n y  a n i m a l s ,  
a l t h o u g h  th e  m a g n itu d e  o f  t h e  d i f f e r e n c e  was l e s s  th a n  i t  was f o r  A l .  
A n a l y s i s  o f  o t h e r  m i n e r a l s  showed no a p p r e c i a b l e  d i f f e r e n c e  be tw een  th e  
t e t a n y  and n o n - t e t a n y  a q i m a l s .
B. F i e l d  RvpArlmpnfa
F i e l d  p l o t  e x p e r im e n t s  w i t h  v a r i o u s  f e r t i l i z e r s  p r o v id e d  l i t t l e  
i n f o r m a t i o n  c o n c e r n in g  t h e i r  e f f e c t s  on m in e r a l  c o n c e n t r a t i o n s  (T a b le  
1 1 ) .  The f a l l  d ro u g h t  and d e la y e d  p l o t  e s t a b l i s h m e n t  w ere  n o t  c o n d u c iv e  
t o  r e l i a b l e  r e s u l t s  i n  t h i s  e x p e r im e n t .
A d e p r e s s i o n  o f  Al a c c u m u l t t ' io n  by Mg a p p l i c a t i o n  a t  th e  Long 
l o c a t i o n  was t h e  o n ly  s i g n i f i c a n t  i n d i c a t i o n  o f  a  f e r t i l i z e r  e f f e c t  on 
f o r a g e  Al c o n c e n t r a t i o n  and  t h i s  was o n ly  i n d i c a t e d  by Duncans New 
M u l t i p l e  Range T e s t .  The F t e s t  i n  t h e  ANOV was n o t  s i g n i f i c a n t .  No
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T a b le  10 . M i n e r a l  a n a l y s i s  o f  rumen c o n t e n t  s a m p le s  from  g r a s s  t e t a n y  
an d  n o n - t e t a n y  a n i m a l s  i n  L o u i s i a n a ,  1 9 7 7 -7 9 .
A nim al
Ho.
D a te Al Mn Zn Ca Mg P K
-  7. -
T e ta n y  a n im a l s
1 2 / 3 / 7 7 25 7 0 420 64 4900 540 5250 0 .2 3 5
2 2 / 2 1 / 7 8 2350 390 62 4000 565 4 9 0 0 0 .4 7 0
3 2 / 2 2 / 7 8 3390 425 60 4850 1090 5700 0 .8 8 0
4 2 /2 4 / 7 8 2360 442 76 5300 820 8200 0 .8 9 5
5 1 /1 9 /7 9 1940 50 52 5550 910 3900 0 .6 2 0
6 * 1 /7 9 1630 1 1 0 49 6050 700 3500 0 .6 0 0
Mean 2373 306 60 5108 771 5242 0 .6 1 7
H o n - t e t a n y a n im a ls
A 1 2 /7 7 510 65 33 16700 1445 6400 0 .8 6 5
B 1 0 /9 /7 8 330 1 2 0 49 5700 780 5400 0 .5 7 5
C 1 0 /3 1 /7 8 440 40 56 4750 680 41 0 0 0 .4 5 0
D 1 1 /2 8 /7 8 4 10 2 0 72 2650 330 4 9 0 0 0 .3 5 5
E 1 2 /2 6 /7 8 420 170 52 2500 655 3850 0 .5 6 0
F 1 2 /2 6 /7 8 390 170 53 1750 415 2900 0 .8 3 5
G 1 2 /2 6 /7 8 330 280 50 2500 710 4 4 0 0 0 .4 3 0
H 1 2 /2 6 /7 8 410 250 51 2650 785 4600 0 .3 7 0
Mean 405 139 52 4900 725 4569 0 .5 5 5
*Sam ple  from  T e n n e s s e e
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T a b le  11 . The e f f e c t s  o f  P and two Mg s o u r c e s  on t h e  m i n e r a l
c o n c e n t r a t i o n s  I n  r y e g r a s s  f o r a g e  o f  t h r e e  l o c a t i o n s  
I n  L o u i s i a n a ,  1977 .
F e r t i l i z e r A l Mn Zn Na Ca Mg P K
— %------
Long Ranch
c o n t r o l 105+ 135 26 1 0 1 0 4850 2025 3975 3 .6
P 85 135 23 620 4612 1937 4925* 4 . 5
d o l o m i t e 90 1 0 2 2 2 * 725 4725 2150 3925 4 .2
d o l o m i t e + P 95 107 24 855 4812 2 1 0 0 4437 4 . 4
Mg 77* 125 2 2 * 820 4387 2087 3875 3 .9
Mg +  P 105 132 24 625 4975 2225* 4962* 3 .5
B eech g ro v e P l a n t a t i o n
c o n t r o l 166 1 1 1 2 0 530 4212 2 0 0 0 4487 3 .3
P 177 1 2 1 23 505 4342 1985 5000* 3 .7
d o lo m i t e 157 72 2 1 366 4200 2006 4556 3 .7
d o lo m i te + P 176 82 19 482 4243 2025 4793 3 .4
Mg 177 117 2 1 458 3793 2162* 4825 4 . 0
Mg +  P 171 1 0 0 2 1 777 4187 2137 4862 4 .2
G u d d z ie t  Farm
c o n t r o l 217 168 18 2230 4033 1554 2566 2 . 4
P 2 0 0 155 17 2475 3820 1408 3337* 2 . 8
d o l o m i t e 2 0 0 157 17 2610 4545 1908 2737 2 .5
d o l o m i t e +  P 194 130 15 1968 4091 1654 3200* 2 . 4
Mg 225 176 19 2251 3441 2008* 2720 2 .7
Mg +  P 190 153 17 1736 3433 1862 2308* 2 . 5
+  Means a v e r a g e d  o v e r  a l l  h a r v e s t  d a t e s .
* D e n o te s  s i g n i f i c a n t  d i f f e r e n c e  from  c o n t r o l  ( P .  0 .0 5 )  a c c o r d i n g
t o  D u n c a n 's  New M u l t i p l e  Hangs T e s t .
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e f f e c t s  o f  f e r t i l i z e r s  w e re  s e e n  on Mn, N a , C a, o r  K f o r a g e  c o n c e n t r a -  
t l o n s .  As w ou ld  be e x p e c t e d ,  f o r a g e  P c o n c e n t r a t i o n s  w e re  i n c r e a s e d  by 
P f e r t i l i z e r  ( p 4 0 . 0 5 ) .  A dd ing  P w i t h  Mg s i g n i f i c a n t l y  i n c r e a s e d  f o r a g e  
P c o n c e n t r a t i o n  a t  two o f  t h e  t h r e e  l o c a t i o n s .  A dd ing  P w i t h  d o l o m i t e  
e f f e c t i v e l y  i n c r e a s e d  f o r a g e  P c o n c e n t r a t i o n  a t  o n l y  one l o c a t i o n .  
F e r t i l i z e r  Mg p l u s  P a t  Long Ranch l o c a t i o n  and  Mg a l o n e  a t  t h e  B e e c h -  
g r a v e  a n d  G u d d z le t  l o c a t i o n s  s i g n i f i c a n t l y  r a i s e d  f o r a g e  Mg l e v e l s .
The e f f e c t s  o f  t h e  o t h e r  f e r t i l i z e r s  and  f e r t i l i z e r  c o m b in a t io n s  on 
f o r a g e  Mg l e v e l s  w e re  n o t  s i g n i f i c a n t .  P h o s p h o ru s  t r e a t m e n t s ,  h o w e v e r ,  
a l t h o u g h  n o t  s i g n i f i c a n t  p ro d u c e d  f o r a g e  Mg l e v e l s  t h a t  w e re  c o n s i s ­
t e n t l y  lo w e r  t h a n  t h e  c o n t r o l s .
I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  w h i l e  t h e s e  t h r e e  f i e l d s  had  a  
h i s t o r y  o f  g r a s s  t e t a n y ,  no c a s e s  o c c u r r e d  i n  them  d u r i n g  th e  c o u r s e  o f  
t h i s  r e s e a r c h  a l t h o u g h  c a t t l e  g r a z e d  them  c o n t i n u a l l y  t h r o u g h o u t  t h e  
t e t a n y  s e a s o n .  Aluminum l e v e l s  i n  t h e  f i e l d  p l o t  f o r a g e  s a m p le s  w ere  
m o s t l y  i n  t h e  r a n g e  o f  1 0 0 -3 0 0  ppm. The h i g h e s t  A l l e v e l  found  i n  a n y  
s i n g l e  sam p le  was 470  ppm a t  t h e  G u d d z le t  l o c a t i o n .
C. G re e n h o u se  E x p e r im e n ts
1 .  M o i s tu r e  L e v e l s  an d  M v c o r r h l z a l  F u n g i
The e f f e c t s  o f  m y c o r r h i z a l  f u n g i  i n o c u l a t i o n  and  tw o l e v e l s  o f  
s o i l  m o i s t u r e  on  m i n e r a l  c o n c e n t r a t i o n s  i n  r y e g r a s s  f o r a g e  grown i n  t h e  
g r e e n h o u s e  a r e  g i v e n  i n  T a b le  1 2 .  P l a n t s  grow n on  s a t u r a t e d  s o i l  w e re  
fo u n d  t o  c o n t a i n  h i g h e r  c o n c e n t r a t i o n s  o f  Mn and  P an d  lo w e r  c o n c e n t r a ­
t i o n s  o f  Me, C a ,  Mg, an d  K th a n  p l a n t s  grow n u n d e r  optimum s o i l  w a t e r  
c o n d i t i o n s .  No e f f e c t  o f  s o i l  m o i s t u r e  was o b s e r v e d  on A l o r  Zn c o n ­
c e n t r a t i o n s .  The e f f e c t  o f  s o i l  m o i s t u r e  on Mg l e v e l  i s  i n  a g re e m e n t
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T a b le  12. The e f f e c t s  o f  m y c o r r h l z a l  f u n g i ,  s o i l  m o i s t u r e ,  and  h a r v e s t  
d a t e  on m i n e r a l  c o n c e n t r a t i o n s * ^  r y e g r a s s  i n  a  g r e e n h o u s e .
T r e a tm e n t* Al Mn Zn Na Ca Mg P K
— 7,------ppm
C o n t r o l 8 9 a * * * 382a 53a 1135a 10704a 4787a 2262a 5 .4 a
M y c o r r . 
F u n g i
82a 375a 53a 1043a 1 1 1 2 0 a 4908a 2204a 5 .2 a
S a t u r a t e d
s o i l
70a 692a 55a 762b 7462b 2675b 2566b 3 .5 b
H a r v e s t d a t e * *
1 A S a ^ 227a 50a 633a 6637a 3491a 2608a 5 .9 a
2 95b 430b 53a 1 1 1 2 b 8883b 4091b 248 7a 5 .1 b
3 98b 790c 60b 1195b 13766c 4787c 1937b 3 .0 c
*  A v e rag e  o f  f o u r  r e p l i c a t i o n s .
+ T r e a tm e n t  m eans a v e r a g e d  o v e r  t h r e e  h a r v e s t  d a t e s .
++  Time o f  h a r v e s t  m eans a v e r a g e d  o v e r  t h r e e  t r e a t m e n t s .
+++ Means w i t h i n  t h e  same co lu m n s  f o l l o w e d  by  t h e  same l e t t e r  do  n o t  
d i f f e r  a t  t h e  5% l e v e l  o f  p r o b a b i l i t y  a c c o r d i n g  t o  D u n c a n 's  New 
M u l t i p l e  Range T e s t .
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w i t h  th e  w ork  o f  E l k i n s  and K oveland (2 0 )  and E l k i n s ,  e t  a l .  ( 2 1 ) .
P l a n t s  grown on s a t u r a t e d  s o i l s  i n  t h e  e x p e r im e n t  c o n t a i n e d  a p p r o x i ­
m a t e l y  h a l f  a s  much Mg a s  t h e  c o n t r o l  and  m y c o r r h i z a l - i n f e c t e d  p l a n t s .  
The e f f e c t  on Ca c o n c e n t r a t i o n s  was s i m i l a r  th o u g h  n o t  q u i t e  a s  p r o ­
n o u n c ed .  No d i f f e r e n c e s  i n  e le m e n t  c o n c e n t r a t i o n s  w ere  fo u n d  be tw een  
c o n t r o l  an d  m y c o r r h i z a l  i n o c u l a t e d  p l a n t s .  M ic r o s c o p ic  e x a m i n a t io n  o f  
t h e  r o o t s  r e v e a l e d  e x t e n s i v e  i n f e c t i o n  i n  t h e  r o o t s  o f  b o th  g r o u p s .  I f  
t h e  r o o t s  o f  t h e  i n o c u l a t e d  p l a n t s  w ere  in d e e d  i n f e c t e d  w i th  t h e  i n o c u ­
l a t e d  s t r a i n ,  th e  n a t i v e  s t r a i n s  i n  t h e  c o n t r o l  g ro u p  w ere  j u s t  a s  
e f f e c t i v e  i n  i n f l u e n c i n g  m i n e r a l  u p t a k e .  Root sam p les  from  p l a n t s  on 
s a t u r a t e d  s o i l s  c o n t a i n e d  v e r y  few o r  no f u n g a l  h y p h a .
C o n c e n t r a t i o n s  o f  A l ,  Mn, Zn, Na, Ca, and Mg i n  f o r a g e s  w ere  
found  t o  be  h i g h e s t  a t  t h e  t im e  o f  t h e  t h i r d  h a r v e s t .  T h ese  p l a n t s  were 
found  t o  c o n t a i n  t h e  lo w e s t  l e v e l s  o f  P and  K, how ever ( p ^ O .O S ) .
2 .  M o i s tu r e  L ev e l s  and  S o i l  Types
The r e s u l t s  o f  an  ex p an d ed  g re e n h o u s e  e x p e r im e n t  t o  d e te r m in e  
t h e  e f f e c t s  o f  f i v e  s o i l  m o i s tu r e  l e v e l s  and  two s o i l  t y p e s  on m i n e r a l  
c o n c e n t r a t i o n s  i n  r y e g r a s s  f o r a g e  a r e  p r e s e n t e d  i n  T a b le  13. F o rag e  
c o n c e n t r a t i o n s  o f  a l l  m i n e r a l s  u n d e r  i n v e s t i g a t i o n  w ere  found  t o  be 
s i g n i f i c a n t l y  a f f e c t e d  by s o i l  m o i s t u r e  ( p < 0 . 0 5 ) ,  S o i l  t y p e  e f f e c t s  
w ere  a l s o  found  t o  I n f l u e n c e  t h e  f o r a g e  m i n e r a l  c o n c e n t r a t i o n s  f o r  a l l  
m i n e r a l s  e x c e p t  Mg (p ^ O .O S )  (T ab le  1 4 ) .  P l a n t s  grown i n  F a la y a  s i l t  
loam w i t h  an  e x c h a n g e a b le  s o i l  Mg l e v e l  o f  232 ppm, c o n t a i n e d  J u s t  a s  
much Mg a s  p l a n t s  grow n i n  Mhoon s i l t y  c l a y  loam w i th  an  e x c h a n g e a b le  
s o i l  l e v e l  o f  732 ppm Mg. Ponded s o i l s  p ro d u c e d  f o r a g e  w h ich  c o n t a i n e d  
t h e  g r e a t e s t  amount o f  A l and  t h e  l e a s t  amount o f  Mg. As t h e  l e v e l  o f
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T a b le  1 3 .  The e f f e c t s  o f  f i v e  l e v e l s  o f  s o i l  m o i s t u r e  on m i n e r a l  
c o n c e n t r a t i o n s ’*" I n  r y e g r a s s  grow n i n  t h e  g r e e n h o u s e  on 
F a l a y a  s i l t  loam and  Mhoon s i l t y  c l a y  loam .
T r e a tm e n t Al Mn Zn Na Ca Mg P K
-  7. -PP™
ponded 15 l a * 263a 48a 896a 5 0 93ab 2231a 3556a 2 .7 a
s a t u r a t e d 82b 149b 61b 1152a 4659a 2375a 4568b 3 .5 b
1 0 0  cm 78b 161b 69bc 1906b 5728cb 3800b 4943b 5 .6 c
300 cm 6 6 b 140b 74c 1828b 6059c 3962 b 4637b 5 .8 c
60 0  cm 52b 160b 74c 2031b 6371c 4012b 3212a 5 .5 c
*  Means i n  t h e  same co lim m s f o l l o w e d  by  t h e  same l e t t e r  do  n o t  d i f f e r  
a t  t h e  5T& l e v e l  o f  p r o b a b i l i t y  a c c o r d i n g  t o  D u n c a n 's  New M u l t i p l e  
Range T e s t .
+  T r e a tm e n t  m eans a v e r a g e d  o v e r  f o u r  r e p l i c a t i o n s  and  two s o i l s .
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T a b le  1 4 .  M in e r a l  analysis** o f r y e g r a s s  grown on F a la y a  s i l t  loam a n d
Mhoon s i l t y  c l a y  loam and  s o i l  a n a l y s i s  o f  s o i l  t y p e s  I n  t h e  
g r e e n h o u s e  e x p e r i m e n t  w i t h  f i v e  m o i s t u r e  c o n d i t i o n s .
S o i l  A l Mn
F o ra g e  A n a l y s i s  
Zn Na Ca Mg P K
/ 1 n n g  _ ____ —  7. —
F a la y a  lO Sa** 316a 62a  912a 5348a 3260a 4515a 4 .3 a
Mhoon 67b 34b 69b 2213b 5816b 3292a 3852b 5 .0 b
+ +  M eans w i t h i n  < 
c a n t l y  a t  th e  
T e s t .
co lum ns f o l lo w e d  by 
57. l e v e l  a c c o r d i n g
t h e  same 
t o  Duncan
l e t t e r  d i f f e r  s i g n i -  
i's New M u l t i p l e  Range
S o i l  A n a l y s i s
S o i l  m eg/100g  
F a la y a  0
D O B  _
104 87 1195 232 225 199
Mhoon 0 1 0 8 8 4000+ 732 196 174
* T r e a tm e n t  m eans a v e r a g e d  o v e r  f i v e  l e v e l s  o f  s o i l  m o i s t u r e  an d  f o u r
r e p l i c a t i o n s .
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s o l i  m o i s t u r e  d e c r e a s e d ,  A l d e c r e a s e d  and  Mg i n c r e a s e d  ( F i g u r e  4 ) .
W h ile  t h e  ponded  s o i l s  p ro d u c e d  t h e  o n ly  s i g n i f i c a n t l y  d i f f e r e n t  l e v e l  
o f  A l ,  t h e r e  was a  c o n s i s t e n t  t r e n d  o b s e r v e d .  I n c r e a s i n g  I n a b i l i t y  
t o  c o n t r o l  m o i s t u r e  s t a t u s  r e s u l t e d  i n  a n  e a r l y  t e r m i n a t i o n  o f  th e  
e x p e r i m e n t ,  A l o n g e r  t im e  p e r i o d  w i t h  a d e q u a t e  c o n t r o l  o f  s o i l  tn o l s -  
t u r e - l e v e l s  m ig h t  hav e  p ro d u c e d  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  
f o r a g e  A l c o n c e n t r a t i o n s  a t  one o r  m ore o f  t h e  o t h e r  t r e a t m e n t  l e v e l s  
a l s o .
The e f f e c t  o f  t h e  ponded  s o i l  on  i n c r e a s i n g  A l a c c u m u l a t i o n  i n  
t h e  p l a n t  i s  I n  a g r e e m e n t  w i t h  t h e  c o r r e l a t i o n  b e tw e e n  s o i l  m o i s t u r e  and  
f o r a g e  A l  o b s e r v e d  u n d e r  g r a s s  t e t a n y  p a s t u r e  c o n d i t i o n s .  The p r e v i o u s  
g r e e n h o u s e  s t u d y  i n d i c a t e d  no  e f f e c t  o f  s o i l  m o i s t u r e  on A l ,  b u t  t h e  
s o i l s  w e re  ;*ot p o nded  and  c o n t r o l  o f  t h e  s a t u r a t e d  c o n d i t i o n  may have  
b e e n  i n a d e q u a t e  t o  p ro d u c e  a n y  e f f e c t  on  A l a c c u m u l a t i o n .
P o t a s s i u m ,  C a , Na a n d  Zn f o r a g e  c o n c e n t r a t i o n s  w ere  a l l  lo w e re d  
b y  i n c r e a s i n g  s o i l  m o i s t u r e  w h i l e  Mn c o n c e n t r a t i o n s  w e re  I n c r e a s e d .  
P h o s p h o ro u s  a c c u m u l a t i o n  was h i g h e s t  a t  t h e  s a t u r a t e d ,  1 0 0  and  300 cm 
s o i l  m o i s t u r e  l e v e l s  an d  d e c r e a s e d  s i g n i f i c a n t l y  w i t h  b o th  ponded  and 
d r y  s o i l  (6 0 0  cm) c o n d i t i o n s .
C o l l e c t i o n  o f  s o i l  s o l u t i o n  s a m p le s  was p r o b l e m a t i c a l  and  was 
t o o  i n c o m p le t e  f o r  a n y  s t a t i s t i c a l  a n a l y s i s .  S am p les  t h a t  w e re  o b t a i n e d  
w e re  t o o  s m e l l  f o r  c o m p le te  c h e m i c a l  a n a l y s i s .  M anganese  and  A l l e v e l s  
w e re  c h e c k e d  on s a m p le s  t h a t  w e re  a v a i l a b l e .  S am p les  from  ponded  s o i l s  
a p p e a r e d  t o  c o n t a i n  t h e  h i g h e s t  l e v e l  o f  Mn. No s o i l  s o l u t i o n  a n a ly z e d  
was fo u n d  t o  c o n t a i n  a  d e t e c t a b l e  l e v e l  o f  A l .
R oot s a m p le s  w ere  s c a n n e d  f o r  m y c o r r h i z a l  i n f e c t i o n  (T a b le  1 5 ) .  
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P i g . 4 .  The e f f e c t  o f  s o i l  m o i s t u r e  l e v e l  on t h e  c o n c e n t r a t i o n  


















T a b le  1 5 .  O b s e r v a t i o n s  o f  t h e  p r e s e n c e  o f  e n d o m y c o r r h i z d l  f u n g i  i n  
r y e g r a s s  r o o t s  u n d e r  f i v e  l e v e l s  o f  s o i l  m o i s t u r e  i n  
F a l a y a  s i l t  loam an d  Mhoon s i l t y  c l a y  loam  i n  t h e  g r e e n h o u s e .
so il T r e a tm e n t R e l a t i v e Numbers P r e s e n t
None Few S e v e r a l  Many
F a la y a Ponded X
s a t u r a t e d X X
1 0 0  cm X X
300 cm X X
6 0 0  cm X X
Mhoon Ponded X
s a t u r a t e d X
1 0 0  cm X X
300 cm X X
600  cm X X
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no b lu e  s t a i n e d  f u n g a l  hyphae. R oots  g ro w in g  u n d e r  m o i s t u r e  c o n d i t i o n s  
o f  100 , 300 and 600 cm s u c t i o n  v a l u e s  c o n t a i n e d  e a s i l y  d e t e c t a b l e  l e v e l s  
o f  I n f e c t i o n .  R oo ts  t a k e n  from  F a la y a  s i l t  loam a p p e a re d  t o  c o n t a i n  a 
h i g h e r  d e g r e e  o f  i n f e c t i o n  th a n  th o s e  from  Mhoon s i l t y  c l a y  loam s o i l .  
The c o n d i t i o n s  o f  t h i s  e x p e r im e n t  do n o t  a l l o w  c o n c l u s i o n s  t o  be drawn 
c o n c e r n in g  t h e  r e l a t i o n s h i p  o f  m y c o r r h i z a l  f u n g i  and  t h e  c o n c e n t r a t i o n  
o f  f o r a g e  m i n e r a l s .  I t  can  b e  o b s e r v e d  t h a t  t h e y  w ere  p r e s e n t  i n  h i g h e r  
r e l a t i v e  n u n b e rs  i n  p l a n t s  grown i n  F a la y a  s o i l  and  t h a t  t h e s e  p l a n t s  
d i d  c o n t a i n  h i g h e r  l e v e l s  o f  F and  a s  much Mg a s  p l a n t s  grown on t h e  
Mhoon s o i l  a l t h o u g h  th e  F a la y a  s o i l  c o n t a i n e d  a  much low er e x c h a n g e a b le  
Mg l e v e l  (T a b le  1 4 ) .  P l a n t s  grown on ponded and  s a t u r a t e d  s o i l s  c o n ­
t a i n e d  v e r y  few o r  no hyphae  and  lo w er c o n c e n t r a t i o n s  o f  C a, Mg, an d  P .
The s o i l  w a t e r  c o n t e n t  was d e te r m in e d  i n  e a c h  p o t  a t  th e  end o f  
t h e  e x p e r im e n t  t o  'bee how e f f e c t i v e  t h e  c o n t r o l  o f  m o i s t u r e  l e v e l  had 
b e e n .  The r e s u l t s  p r e s e n t e d  i n  T a b le  16 i n d i c a t e  a d e q u a te  c o n t r o l .
D. G rowth Chamber E x p e r im e n ts
1 .  T e m p e ra tu re  and S o i l  Types
Review o f  g r a s s  t e t a n y  l i t e r a t u r e  r e p e a t e d l y  s u g g e s t  a r e l a t i o n ­
s h i p  be tw een  t e m p e r a t u r e  and th e  o c c u r r e n c e  o f  t h e  d i s e a s e .  A d ro p  i n  
t e m p e r a t u r e  be low  14 C I s  a s s o c i a t e d  w i t h  a  d e c r e a s e  i n  t h e  number o f  
t e t a n y  c a s e s .  However, low t e m p e r a t u r e s  f o l lo w e d  by  t e m p e r a t u r e s  above  
14 C h av e  f r e q u e n t l y  b een  a s s o c i a t e d  w i t h  an  i n c r e a s e d  in c i d e n c e  o f  
g r a s s  t e t a n y  a p p r o x im a te ly  f i v e  day s  l a t e r .  R e s u l t s  o f  a  g ro w th  cham ber 
e x p e r im e n t  d e s ig n e d  t o  s t u d y  t h e  f o r a g e  m i n e r a l  r e s p o n s e s  t o  su ch  
c h a n g e s  i n  t e m p e r a t u r e  a r e  p r e s e n t e d  i n  T a b le  17 and  F ig u r e  5 .  Aluminum 
a c c u n u l a t i o n  was g r e a t l y  i n f l u e n c e d  by t h e  e x p o s u re  t o  c o ld  t e m p e r a t u r e
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T a b le  16 .  S o i l  w a t e r  c o n t e n t *  I n  two s o i l  t y p e s  u n d e r  f i v e  s u c t i o n  
v a l u e s  a t  two d e p t h s  I n  g r e e n h o u s e  p o t s .
S o i l  D ep th (cm) T r e a tm e n t
% M o i s t u r e  i n :
F a la v a  Mhoon 
s i l t  loam  s i l t y  c l a y loam
0 -5 ponded 5 7 .8 5 5 6 .0 8
5+ — —
0 -5 s a t u r a t e d 4 5 .1 3 5 2 .5 5
5+ — —
0 -5 1 0 0  cm 3 1 .2 2 3 2 .0 0
5+ 2 7 .5 1 3 0 .2 4
0 -5 300 cm 2 5 .3 0 2 6 .8 6
5+ 2 0 .7 2 2 6 .4 3
0 -5 600  cm 1 5 .2 9 2 1 .8 2
5+ 1 4 .5 5 2 0 . 8 6
*  A v e ra g e  o f  f o u r r e p l i c a t i o n s ■
T a b le  17 . The e f f e c t  o f  t h r e e  
o f  r y e g r a s s  grow n
t e m p e r a t u r e s  on m i n e r a l  c o n c e n t r a t i o n s *  
i n  a  g ro w th  c h am b e r .
T e m p e ra tu re > A l Mn Zn Ha Ca Mg P K
. V
8 - 1 2 26a 196a 132a 6681a 1855a 2555a 3756ab 1 .4 a
7 -1 1 45a 157a 276b 1834b 6771b 2613a 3443a 2 .7 b
0 -3 215b 166a 548c 4641c 7068b 3302b 4207b 3 .2 b
*  Means a v e r a g e d  o v e r  f i v e  h a r v e s t  d a t e s  a n d  two s o i l s  and f o u r  
r e p l i c a t i o n s .
Means w i t h i n  co lu m n s  f o l l o w e d  by  t h e  same l e t t e r  do n o t  d i f f e r  a t  
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Al Mg
F i g .  5 .  The e f f e c t s  o f  c o ld  t e m p e r a t u r e  f o r  22 d a y s  on t h e
a c c u m u l a t i o n  o f  A l and  Mg f o l l o w i n g  a  r i s e  I n  t e m p e r a ­
t u r e  a b o v e  14 C i n  r y e g r a s s  grow n i n  a g ro w th  cham ber.
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<p< 0 . 0 1 ) .  P l a n t s  e x p o s e d  Co t h e  c o l d e s t  c o n d i t i o n s  ( 0 - 3  C) accum u­
l a t e d  f i v e  t o  e i g h t  t im e s  a s  much A l when t e m p e r a t u r e  w as r a i s e d  above  
14 C a s  t h o s e  e x p o se d  t o  t h e  7 -1 1  C, and  8 -1 2  t e m p e r a t u r e .  M agnesium , 
Z n , C a , P a n d  K c o n c e n t r a t i o n s  w e re  a l s o  h i g h e r  i n  p l a n t s  e x p o s e d  t o  
t h e  c o l d e s t  t e m p e r a t u r e ,  b u t  p r o p o r t i o n a l  i n c r e a s e  was g r e a t e r  f o r  A l .
As one  w ou ld  e x p e c t  due  t o  g r e a t e r  a c t i v i t y  o f  Mn r e d u c i n g  o r g a n is m  a t  
h i g h e r  t e m p e r a t u r e s ,  Mn f o r a g e  c o n c e n t r a t i o n s  w e re  h i g h e r  i n  p l a n t s  
grow n i n  t h e  w a rm es t  c o n d i t i o n s  ( p 5  0 . 0 5 ) .  P o t a s s i u m  a c c u m u l a t i o n  was 
l o w e s t  i n  p l a n t s  e x p o s e d  t o  t h e  h i g h e s t  t e m p e r a t u r e  ( p <  0 . 0 1 ) .
T a b le  18 shows t h e  e f f e c t  o f  t im e  a f t e r  c o l d  t r e a t m e n t  on 
m i n e r a l  a c c u m u l a t i o n .  Two i n t e r e s t i n g  p o i n t s  w e re  o b s e r v e d  i n  t h e  d a t a .  
M ag n e s lu n  l e v e l s  i n c r e a s e d ,  a f t e r  t h e  t e m p e r a t u r e  r o s e  above  14 C, f o r  
a  p e r i o d  o f  a b o u t  f o u r  d a y s .  A t t h a t  p o i n t  Mg a c c u m u l a t i o n  c e a s e d .  No 
s i g n i f i c a n t  d i f f e r e n c e s  w e re  fo u n d  b e tw e e n  d a y s  2 ,  4 ,  6 , and 8 . On t h e  
o t h e r  h a n d ,  A l s t e a d i l y  i n c r e a s e d  from  d a y  2 t h r o u g h  d a y  8  ( F i g u r e  6 ) .
The f i v e  d ay  c r i t i c a l  p e r i o d  o f t e n  r e f e r r e d  t o  i n  g r a s s  t e t a n y  
l i t e r a t u r e  o c c u r r e d  a f t e r  Mg l e v e l s  r e a c h e d  a  p l a t e a u  a n d  w h i l e  A l 
l e v e l s  w e re  i n c r e a s i n g  a t  a  r a p i d  r a t e .  M an g a n e se ,  C a , P ,  and  Na c o n ­
c e n t r a t i o n s  a l s o  i n c r e a s e d  f o l l o w i n g  t h e  r i s e  i n  t e m p e r a t u r e .  No e f f e c t  
was fo u n d  f o r  e i t h e r  Zn o r  K.
The e f f e c t s  o f  t im e  o f  s a m p l in g  i n  T a b le  18 a r e  b a s e d  on t h e  
r e s u l t s  o b t a i n e d  from  t h e  g ro w th  cham ber e x p e r im e n t  c o n d u c te d  a t  8 -1 2  C 
o n l y .  M e c h a n ic a l  p ro b le m s  w i t h  t h e  g ro w th  cham ber d u r i n g  t h e  e x p e r i ­
m e n ts  a t  t h e  two c o l d e r  t e m p e r a t u r e s ,  make th e  d a t a  o b t a i n e d  d u r i n g  
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TIME ( d a y s )
F i g .  6 . The c o n c e n t r a t i o n  o f  A l and  Mg i n  r y e g r a s s  a s  a  f u n c t i o n  
o f  t im e  f o l l o w i n g  a  r i s e  i n  t e m p e r a t u r e  t o  a b o v e  14 C 
i n  t h e  g ro w th  c h a m b e r .
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T a b le  18. M in e r a l  c o n c e n t r a t i o n ^  I n  r y e g r a s s  grown i n  a  g ro w th  cham ber 
a t  8-12 C as a  f u n c t i o n  o f  t im e  f o l l o w i n g  a  r i s e  i n  t e m p e r a ­
t u r e  t o  a b o v e  14 C.
Days a f t e r  
c o l d
t r e a t m e n t
Al Mn Zn Na Ca Mg P K
ppm
0 13a+ 126a 123a 5651a 1125a 2 1 1 2 a 2375a 1 . 2 a
2 13a 163ab 139a 6467b 1637ab 2493ab 3381b 1 .4 a
4 24b 2 1 0 cb 148a 6843bc 2231c 2843b 4350c 1 .4 a
6 35b 228c 1 2 0 a 7043dc 2156cb 2643b 4200c 1 . 6 a
8 46 c 253c 131a 7398d 2125cb 2681b 4475c 1 .4 a
*  Means a v e r a g e d  o v e r  two s o i l  t y p e s  and  f o u r  r e p l i c a t i o n s .
+ Means f o l l o w e d  by  t h e  same l e t t e r  w i t h i n  co lu m n s  d o  n o t  d i f f e r  
s i g n i f i c a n t l y  a t  t h e  17. l e v e l  a c c o r d i n g  t o  D u n c a n 's  New M u l t i p l e  
Range T e s t .
2 .  T e m p e r a tu r e .  3611 Type an d  M o i s t u r e  L e v e l
A n o th e r  g ro w th  cham ber e x p e r im e n t  d e s i g n e d  t o  s t u d y  th e  e f f e c t  
o f  two s o i l  m o i s t u r e  l e v e l s  on m i n e r a l  c o n c e n t r a t i o n s  i n  r y e g r a s s  c o u ld  
n o t  be  c o m p le te d  u n d e r  t h e  I n t e n d e d  c o n d i t i o n s .  The o n ly  r e s u l t  o b ­
t a i n e d  from  t h i s  e x p e r im e n t  was t o  s u b s t a n t i a t e  t h e  e f f e c t  o f  ponded  
s o i l s  on  i n c r e a s i n g  A l and  Mn a c c u m i l a t i o n  and  d e c r e a s i n g  K a n d  Mg c o n ­
c e n t r a t i o n s  i n  r y e g r a s s  f o r a g e  (T a b le  1 9 ) .
S o i l  s o l u t i o n  s a m p le s  from  t h e  ponded  s o i l s  w e re  a n a l y s e d  f o r  
A l .  T r a c e s  o f  Al w e re  d e t e c t a b l e  ( < . 0 . 5  ppm) i n  s o i l  s o l u t i o n s  c o l ­
l e c t e d  on t h e  f i r s t  h a r v e s t  d a t e  w h i l e  s t i l l  e x p o s e d  t o  c o l d  t e m p e r a t u r e .
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T a b le  19. E f f e c t  o f  two s o i l  m o i s tu r e  l e v e l s  on m i n e r a l  a c c u m u la t io n s  
i n  r y e g r a s s *  u n d e r  g row th  cham ber c o n d i t i o n s .
S o i l  M o is t  
L e v e l
Al Mn Ca Mg P K
-  ppm
Ponded 203a+ 157a 8 6 8 6 a 2440a 3626a 2 .4 a
1 0 0 cm 137b 205b 9251a 2976b 3426a 4 .2 b
* Means a v e r a g e d  o v e r  two s o i l s  and  f i v e  s am p l in g  d a t e s  and  f o u r  
r e p l i c a t i o n s .
+  Means w i t h i n  colum ns f o l lo w e d  by th e  same l e t t e r  do n o t  d i f f e r  
s i g n i f i c a n t l y  a t  th e  5% l e v e l  a c c o r d i n g  t o  D u n c a n 's  New M u l t i p l e  
Range T e s t .
No d i f f e r e n c e  c o u ld  be found  be tw een  F a la y a  and Mhoon s o i l  s o l u t i o n s .
No d e t e c t a b l e  l e v e l s  o f  A l w ere  found  i n  s o i l  s o l u t i o n s  c o l l e c t e d  from  
e i t h e r  s o i l  a t  an y  t im e  a f t e r  t h e  t e m p e r a t u r e  was r a i s e d  above  14 C.
E . Bickham P a s t u r e  I n v e s t i g a t i o n
Of t h e  f o u r  f i e l d  s i t e s  (A, B, C, and D) i n  t h e  Bickham p a s t u r e ,  
s i t e  D m a in t a in e d  t h e  h i g h e s t  l e v e l  o f  s o i l  m o i s t u r e  th ro u g h o u t  th e  
f iv e - m o n th  sa m p l in g  p e r i o d .  The f o r a g e  sam p les  from  t h a t  p l o t  a l s o  c o n ­
t a i n e d  th e  h i g h e s t  l e v e l  o f  A l .  Aluminum c o n c e n t r a t i o n  peaked  a t  1090 
ppm on F e b ru a ry  21 . Aa shown i n  F ig u r e  7 t h i s  p e ak  o c c u r r e d  a b o u t  a 
m onth  a f t e r  ponded c o n d i t i o n s  d e v e lo p e d .  The c o l d e s t  s o i l  t e m p e r a t u r e  
































IsatJ < s a t , l  s a t .  I ponded Isaturated I < saturated I 
SOIL MOISTURE
J < s a t u r a t e d
F ig .  7 . Forage Al c o n c e n t r a t i o n ,  s o i l  te m p e ra tu re  and v i s i b l e  m o is tu re  s t a t u s  a t  













c o n c e n t r a t i o n s  had  s i g n i f i c a n t l y  i n c r e a s e d .  By F e b r u a r y  14 t h e  
r e c o r d e d  s o i l  t e m p e r a t u r e  had  r i s e n  t o  16 G (ab o v e  t h e  14 C c r i t i c a l  
p o i n t  I n  g r a s s  t e t a n y  r e s e a r c h )  and  s e v e n  d a y s  l a t e r  f o r a g e  Al c o n c e n ­
t r a t i o n  r e a c h e d  i t s  h i g h e s t  l e v e l  o f  1090 ppm. S i t e  D was u n d e r  
ponded  c o n d i t i o n s  w i t h  a  t h i n  i c e  c o v e r  on F e b r u a r y  1 w h i l e  F e b r u a r y  
14 was v e r y  warm, s p r i n g - l i k e  w e a t h e r .  G r a s s  had  grown v i s i b l y  s i n c e  
t h e  l a s t  s a m p l in g  d a t e  ( F e b r u a r y  1 1 ) .  T h e se  c o n d i t i o n s  o f  a  ponded 
s o i l  a n d  c o l d  t e m p e r a t u r e s  f o l l o w e d  by  warm t e m p e r a t u r e  a n d  a r i s e  i n  
f o r a g e  A l c o n c e n t r a t i o n  a r e  i n  a g re e m e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  i n  
t h e  g ro w th  cham ber and  g r e e n h o u s e  e x p e r i m e n t s .
A s e c o n d  s m a l l e r  A l p e ak  o c c u r r e d  on M arch 11 (720  ppm A l ) .
T h i s  p e a k  was p r e c e d e d  by  a low t e m p e r a t u r e  o f  8  C on F e b r u a r y  18 and  
a  s u b s e q u e n t  r i s e  i n  t e m p e r a t u r e  t o  18 G on M arch 4 .  A g a in  t h e  A l p eak  
o c c u r r e d  s e v e n  d a y s  l a t e r .  The p e a k  was lo w e r  an d  t h e  c o l d e s t  s o i l  
t e m p e r a t u r e  was h i g h e r  t h a n  i n  F e b r u a r y  b u t  s t i l l  b e low  t h e  14 C 
c r i t i c a l  p o i n t ,  A s a t u r a t e d  s o i l  m o i s t u r e  c o n d i t i o n  e x i s t e d  a t  t h e  
s e c o n d  p e a k  o f  A l a c c u m u l a t i o n .  By t h e  t im e  t h e  s o i l  t e m p e r a t u r e  r o s e  
a b o v e  14 C f o r  t h e  l a s t  t im e  on M arch 11 , t h e  s o i l  m o i s t u r e  l e v e l  was 
b e low  s a t u r a t i o n .  The p r e c e d i n g  low was 11 C. The t e m p e r a t u r e  e f f e c t  
o b s e r v e d  a t  t h i s  l o c a t i o n  a p p e a r s  s i m i l a r  t o  t h e  e f f e c t  o b s e r v e d  i n  t h e  
g ro w th  cham ber i n  t h a t  a  t e m p e r a t u r e  o f  0 -3  C r e s u l t e d  i n  h i g h e r  Al 
a c c u m u l a t i o n  t h a n  a  low t e m p e r a t u r e  o f  8 -1 2  C.
S i t e  0 was c o n t i n u a l l y  u n d e r  ponded  c o n d i t i o n s  from  J a n u a r y  21 
th r o u g h  M arch 1 , 1979 . On M arch  8  i t  was b e low  s a t u r a t i o n  l e v e l s  
f o r  t h e  f i r s t  t im e  s i n c e  D ecem ber 3 1 ,  1 9 7 8 . On M arch  11 t h i s  l o c a t i o n  
was a g a i n  n e a r  s a t u r a t i o n  c o n d i t i o n s  b u t  by  M arch 18 t h e  a r e a
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was w e l l  b e low  s a t u r a t i o n .  S a t u r a t i o n  was n o t  a p p r o a c h e d  a g a i n  
t h r o u g h o u t  t h e  r e m a i n d e r  o f  t h e  e x p e r i m e n t .  When t h e  s o i l  m o i s t u r e  
d ro p p e d  b e lo w  t h e  s a t u r a t i o n  l e v e l  a n d  s o i l  t e m p e r a t u r e  s t a y e d  above  
14 C, f o r a g e  A1 c o n c e n t r a t i o n  d ro p p e d  an d  re m a in e d  b e low  200  ppm.
None o f  t h e  o t h e r  t h r e e  l o c a t i o n s  w ere  u n d e r  ponded  c o n d i t i o n s  
a t  a n y  t i m e .  S a t u r a t e d  s o i l  c o n d i t i o n s  w e re  n o t e d  b u t  w e re  o f  v e r y  
s h o r t  d u r a t i o n .  L a b o r a t o r y  d e t e r m i n a t i o n s  o f  s o i l  m o i s t u r e  i n d i c a t e d  
t h a t  l o c a t i o n  B m a i n t a i n e d  s l i g h t l y  h i g h e r  s o i l  m o i s t u r e  l e v e l s  th a n  
t h e  o t h e r  tw o l o c a t i o n s  and  t h a t  l o c a t i o n  A m a i n t a i n e d  t h e  lo w e s t  
l e v e l s  o f  s o i l  m o i s t u r e .  A l l  t h r e e  o f  t h e s e  l o c a t i o n s  showed 
i n c r e a s e d  A1 c o n c e n t r a t i o n  d u r i n g  t h e  c o l d e s t  p e r i o d  a n d  a l l  t h r e e  
l o c a t i o n s  r e a c h e d  t h e i r  h i g h e s t  r e c o r d e d  l e v e l  o f  A l on  t h e  same d a y f 
F e b r u a r y  11 . T h i s  was t e n  d a y s  a f t e r  t h e  c o l d e s t  r e c o r d e d  s o i l  
t e m p e r a t u r e .  The A l  c o n c e n t r a t i o n s  r e c o r d e d  a t  l o c a t i o n s  A , B an d  C 
on t h i s  d a y  w e re  5 7 0 ,  320 and  44 ppm, r e s p e c t i v e l y .  The AL l e v e l  a t  
L o c a t io n  D i n c r e a s e d  t o  710 ppm on  t h i s  d a y  b u t  c o n t i n u e d  t o  r i s e  f o r  
t e n  m ore  d a y s ,
The c o r r e l a t i o n  c o e f f i c i e n t s  b e tw e e n  f o r a g e  Al a c c u m u l a t i o n s  
a n d  o t h e r  m i n e r a l  c o n c e n t r a t i o n s  a r e  shown i n  T a b le  2 0 .  M anganese  an d  
A l  c o n c e n t r a t i o n s  i n  f o r a g e s  had  t h e  h i g h e s t  an d  m o s t  c o n s i s t e n t  c o r r e ­
l a t i o n s  among t h e  f o u r  l o c a t i o n s .  I t  i s  e n t i r e l y  p o s s i b l e ,  h o w e v e r ,  
t h a t  t h i s  i s  due t o  b o t h  A l an d  Mn b e i n g  h i g h l y  c o r r e l a t e d  t o  some o t h e r  
f a c t o r .  A s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  was fo u n d  a t  l o c a t i o n s  B 
a n d  D b e tw e e n  f o r a g e  Mg a n d  A l c o n c e n t r a t i o n s .  The c o r r e l a t i o n  w i t h  Ca 
was a l s o  n e g a t i v e  a n d  was s i g n i f i c a n t  a t  t h r e e  l o c a t i o n s .  P h o s p h o ru s  
h a d  a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i t h  A l a t  t h r e e  o f  t h e  f o u r  
l o c a t i o n s .
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T a b le  2 0 .  C o r r e l a t i o n  c o e f f i c i e n t s  b e tw ee n  f o r a g e  A l a c c u m u l a t i o n s
an d  t h e  r e c o r d e d  v a r i a b l e s  a t  f o u r  l o c a t i o n s  i n  t h e  Bickham  
r e s e a r c h  f i e l d .
V a r i a b l e A
B L o c a t io n ^ , D
S o i l  t e m p e r a t u r e - 0 .0 5 - 0 . 2 4
0 .4 5 * *
- 0 .1 7 -0 .  15
S o i l  m o i s t u r e 0 .2 8 0 .2 5 0 .4 4
A i r  t e m p e r t u r e s
7 d a y  h i g h  a v e . 1 - 0 . 2 0 - 0 . 3 7 - 0 .4 3 - 0 . 3 9
7 d a y  low a v e .  2 - 0 . 1 3 - 0 .2 5 - 0 . 3 0 - 0 .3 2
7 day  low^ - 0 .0 3 - 0 . 1 7 - 0 .1 7 - 0 .1 9
mean4 - 0 .1 7 - 0 . 3 3 - 0 .3 9 * - 0 .3 7 *
S day  mean^ - 0 . 1 9 - 0 .2 6 - 0 .3 4 - 0 , 3 3
S day  low® - 0 .0 6 - 0 . 1 4 - 0 .2 3 - 0 . 2 5
2  d a y  low^ - 0 .2 7 - 0 . 3 4 - 0 .3 6 - 0 . 3 5
1  d a y  low® - 0 . 0 3 - 0 . 2 4 - 0 .2 4 - 0 . 2 3
F o ra g e  M i n e r a l  C o n c e n t r a t i o n
Mn 0 .9 3 * * * 0 .6 7 * * * 0 .6 3 0 .7 1 * * *
Mg - 0 . 1 2 - 0 .3 9 * 0 .1 7 - 0 .4 6 * *
Ca - 0 . 2 9 - 0 .5 2 * * - 0 .4 4 * - 0 .5 3 * *
P 0 .4 4 * 0 .2 7 0 .5 9 * * * 0 .5 1 * *
K - 0 .1 6 - 0 .0 7 - 0 .2 9 0 .0 8
*» **» * * * ,  d e n o t e s  s i g n i f i c a n c e  a t  t h e  5 ,  1 ,  and  0 . 1  % l e v e l .
^A verage  o f  d a l l y  h ig h  t e m p e r a t u r e s  f o r  s e v e n  d a y s  p r i o r  t o  s a m p l in g .
A v e rag e  o f  d a i l y  low t e m p e r a t u r e s  f o r  s e v e n  d a y s  p r i o r  t o  s a m p l in g .
L ow est s i n g l e  t e m p e r a t u r e  w h ich  o c c u r r e d  d u r i n g  t h e  s e v e n  d a y s  p r i o r  
t o  s a m p l in g .
S i e a n  o f  t h e  d a i l y  h i g h  an d  low t e m p e r a t u r e s  o f  t h e  s e v e n  d ay s  p r i o r  
t o  s a m p l in g .
^Mean o f  h i g h  and low t e m p e r a t u r e  w h ic h  o c c u r r e d  on t h e  f i f t h  d a y  p r i o r  
t o  s a m p l in g .
**The lo w e s t  t e m p e r a t u r e  w h ich  o c c u r r e d  on t h e  f i f t h  d a y  p r i o r  t o  s a m p l in g .
7The lo w e s t  t e m p e r a t u r e  w h ic h  o c c u r r e d  on t h e  sec o n d  d a y  p r i o r  t o  
s a m p l in g ,
g
The lo w e s t  t e m p e r a t u r e  w h ic h  o c c u r r e d  one d a y  p r i o r  t o  s a m p l in g .
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S o i l  m o i s t u r e , r e c o r d e d  i n  g /lO O g (T a b le  2 0 )  was s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  Al a c c i m u l a t i o n  a t  t h e  two w e t t e s t  l o c a t i o n s  (D and  B ) .  
S o i l  m o i s t u r e  m e a s u r e m e n ts ,  made by  d r y i n g  s o i l  s a m p l e s ,  p r o b a b l y  d i d  
n o t  r e f l e c t  s u f f i c i e n t  d i f f e r e n c e s  b e tw e e n  s a t u r a t e d  and  ponded  c o n d i -  
t i o n s  t o  p ro d u c e  t h e  h i g h e s t  p o s s i b l e  c o r r e l a t i o n s .  A s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  e f f e c t  o f  s a t u r a t e d  a n d  ponded  s o i l s  on A l c o n c e n t r a ­
t i o n  was found  i n  t h e  g r e e n h o u s e  e x p e r i m e n t .  The a v e r a g e  o f  t h e  d a l l y  
h i g h  a i r  t e m p e r a t u r e s  f o r  t h e  s e v e n  d a y s  p r i o r  t o  s a m p l in g  showed t h e  
m o st s i g n i f i c a n t  a i r  t e m p e r a t u r e  c o r r e l a t i o n  w i t h  A l a c c u m u l a t i o n .
The r e l a t i o n s h i p  was n e g a t i v e  a t  a l l  l o c a t i o n s  and s i g n i f i c a n t  a t  t h r e e  
o f  t h e  f o u r  l o c a t i o n s .  The s e c o n d  b e s t  a i r  t e m p e r a t u r e  c o r r e l a t i o n  
w i t h  A l a c c u m u l a t i o n  was t h e  mean w h ic h  was c a l c u l a t e d  a s  t h e  mean o f  
t h e  d a l l y  h i g h  and  low r e a d i n g s  a v e r a g e d  o v e r  t h e  s e v e n  d a y  p e r i o d  
p r e c e d i n g  s a m p l in g .  A s i g n i f i c a n t  n e g a t i v e  r e l a t i o n s h i p  b e tw e e n  t h i s  
mean a i r  t e m p e r a t u r e  and  A l a c c u m u l a t i o n  was fo u n d  a t  l o c a t i o n s  C and  
D. T h i s  r e l a t i o n s h i p  a t  l o c a t i o n  B a p p r o a c h e d  s i g n i f i c a n c e .  W h ile  n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e  lo w e s t  a i r  t e m p e r a t u r e  t h a t  o c c u r r e d  
2 4 -4 8  h o u r s  b e f o r e  s a m p l in g  had  a  s t r o n g e r  c o r r e l a t i o n  w i t h  A l a c c u m u la ­
t i o n  t h a n  e i t h e r  t h e  lo w e s t  t e m p e r a t u r e  w i t h i n  24 h o u r s  p r i o r  t o  s a m p l in g  
o r  t h e  lo w e s t  t e m p e r a t u r e  f i v e  d a y s  p r i o r  t o  s a m p l in g .  A l th o u g h  n o t  
I n c l u d e d  i n  t h i s  s t u d y ,  i t  i s  p o s s i b l e  t h a t  a  s t r o n g e r  c o r r e l a t i o n  
e x i s t s  b e tw e e n  A l  a c c u m u l a t i o n  and  t h e  maximum a i r  t e m p e r a t u r e  2 4 -4 8  
h o u r s  p r i o r  t o  s a m p l in g .  A low maximum t e m p e r a t u r e  may hav e  m ore i n f l u ­
e n c e  on A l a c c u m u l a t i o n  t h a n  t h e  minimum t e m p e r a t u r e .  S o i l  t e m p e r a t u r e s ,  
p a r t i c u l a r l y  t h o s e  o c c u r r i n g  tw o t o  s e v e n  d a y s  p r i o r  t o  s a m p l in g  may be 
m ore c l o s e l y  a s s o c i a t e d  w i t h  A l a c c u m u l a t i o n  t h a n  a i r  t e m p e r a t u r e s ,  b u t
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t h e  l a c k  o f  a n  I n s t r u m e n t  t o  c o n t i n u o u s l y  m o n i to r  s o l i  t e m p e r a t u r e  
p r e v e n te d  c o l l e c t i o n  o f  t h i s  d a t a  e x c e p t  a t  t h e  t im e  o f  s a m p l in g .
The c o r r e l a t i o n  c o e f f i c i e n t s  b e tw een  Mn c o n c e n t r a t i o n  and  w i t h  
t h e  m easu red  in d e p e n d e n t  v a r i a b l e s  a r e  g iv e n  i n  T a b le  2 1 .  A g a in ,  no 
p a r t i c u l a r l y  h ig h  c o r r e l a t i o n s  w ere  s e e n  e x c e p t  t h e  p r e v i o u s l y  men­
t i o n e d  c o r r e l a t i o n  w i t h  A l .  M agnesium , s i g n i f i c a n t l y  c o r r e l a t e d  w i th  
Mn a t  s i t e s  G and D, showed a  n o n - s i g n i f i c a n t  n e g a t i v e  r e l a t i o n s h i p  a t  
t h e  o t h e r  two s i t e s .  The c o r r e l a t i o n  on Mn w i t h  s o i l  m o i s t u r e  was 
s i g n i f i c a n t  a t  l o c a t i o n  D.
The d a t a  o b t a in e d  i n  t h i s  r e s e a r c h  w ere  s u b j e c t e d  t o  a  s t e p w is e  
m u l t i p l e  r e g r e s s i o n  p r o c e d u r e  u t i l i z i n g  a  maximum R s q u a r e  im provem ent 
t e c h n i q u e  i n  a n  a t t e m p t  t o  i d e n t i f y  p o s s i b l e  c o m b in a t io n s  o f  v a r i a b l e s  
w h ic h  w ere  I n f l u e n c i n g  A l a c c u m u la t io n .  The m u l t i p l e  r e g r e s s i o n  was 
ru n  f i r s t  t o  i n c l u d e  e n v i r o n m e n ta l  e f f e c t s  and a g a i n  t o  I n c lu d e  b o th  
e n v i r o n n e n t a 1 and  m i n e r a l  c o n c e n t r a t i o n  e f f e c t s .  R e g r e s s io n  c o e f f i c i e n t s  
a r e  g iv e n  i n  T a b le s  22 and 2 3 .  When th e  a n a l y s i s  was p e r fo rm e d  w i t h  th e  
v a r i a b l e s  o f  e n v i r o n m e n ta l  c o n d i t i o n s ,  s o i l  t e m p e r a t u r e  was i m p l i c a t e d  
a t  t h r e e  o f  t h e  f o u r  l o c a t i o n s .  C o r r e l a t i o n s  w ere  r e l a t i v e l y  low , how­
e v e r .  When a l l  o f  t h e  v a r i a b l e s  w ere  e n t e r e d  i n  t h e  a n a l y s i s ,  t h e  
c o r r e l a t i o n s  w ere  much h i g h e r  b u t  l i t t l e  o r  no c o n s i s t e n c y  was found  b e ­
tw een  l o c a t i o n s .  More meaningful, r e s u l t s  c o u ld  p r o b a b ly  be o b t a i n e d  from 
t h i s  ty p e  o f  a n a l y s i s  w i t h  a  more c o n t r o l l e d  e x p e r im e n t  and  th e  i n c l u ­
s i o n  o f  o t h e r  unm easured  v a r i a b l e s ,  s u c h  a s  c o n t i n u o u s l y  m o n i to r e d  s o i l  
t e m p e r a t u r e s .
F .  I n  V i t r o  E x p e r im e n ts
A d d i t i o n  o f  A l t o  t h e  i n  v i t r o  d i g e s t i o n  sy s te m s  was v e r y
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T a b le  21* C o r r e l a t i o n  c o e f f i c i e n t a  b e tw ee n  f o r a g e  Mn a c c u m u la t io n s  and 
t h e  r e c o r d e d  v a r i a b l e s  a t  f o u r  l o c a t i o n s  i n  t h e  Blckham 
r e s e a r c h  f i e l d .
L o c a t io n
V a r i a b l e A B C D
S o i l  t e m p e r a t u r e - 0 . 1 1 0 .0 3 0 .1 3 0 .0 4
S o i l  m o i s tu r e 0 .2 9 0 .3 5 0 .2 5 0 .4 7 * *
A i r  t e m p e r a t u r e s
7  day  h ig h  a v e . 1  
7 day  low a v e .
- 0 .2 5 - 0 .1 7 - 0 .0 8 - 0 . 2 2
- 0 . 1 2 0 .0 8 0 .0 6 - 0 .0 3
7 d ay  low^ -0 .0 7 0 . 1 2 0 .1 5 0 .0 5
mean^ - 0 . 2 0 - 0 .0 6 - 0 . 0 2 - 0 .1 4
5 d ay  mean^ - 0 . 2 2 - 0 .0 3 - 0 .0 4 - 0 .1 4
5 day  low^ - 0 .0 9 - 0 . 0 2 - 0 . 0 2 - 0 .0 6
2  day  low? - 0 .2 8 - 0 .0 9 - 0 .1 7 - 0 .2 4
1  day  low® - 0 .0 6 - 0 .0 7 - 0 .0 5 - 0 .0 6
F o rag e  M in e r a l  c o n c e n t r a t i o n
A l 0 .9 3 * * * 0 .67*** 0 .6 3 * * * 0 .7 1 * * *
MS - 0 .1 8 - 0 .0 5 0 .5 9 * * * -0 .5 7 * * *
Ca -0 .3 8 * - 0 . 0 2 - 0 .3 5 - 0 .4 0 *
P 0 .4 4 * 0 .2 4 0 .6 2 * * * 0 .4 7 * * *
K - 0 .1 6 - 0 . 0 2 - 0 .0 6 0 .1 7
+ t * * ,  *** d e n o te s  s i g n i f i c a n c e  a t  t h e  5 ,  1 , and  0.17* l e v e l .
^-Average o f  d a l l y  h ig h  t e m p e r a t u r e s  f o r  s ev e n  days  p r i o r  t o  s a m p l in g .
2
A verage  o f  d a i l y  low t e m p e r a t u r e s  f o r  s e v e n  d ay s  p r i o r  t o  s a m p l in g ,
3
Low est s i n g l e  t e m p e r a t u r e  w h ich  o c c u r r e d  d u r in g  th e  sev en  day s  p r i o r  
t o  s a m p l in g .
S i e a n  o f  t h e  d a l l y  h i g h  and  low t e m p e r a t u r e s  o f  t h e  s e v e n  d ay s  p r i o r  
t o  s a m p l in g .
^Mean o f  h i g h  and low t e m p e r a t u r e  w h ich  o c c u r r e d  on th e  f i f t h  day  
p r i o r  t o  s a m p l in g .
®The lo w e s t  t e m p e r a t u r e  w h ich  o c c u r r e d  on t h e  f i f t h  day  p r i o r  t o  s a m p l in g ,
?The lo w e s t  t e m p e r a t u r e  w h ich  o c c u r r e d  on th e  seco n d  day  p r i o r  t o  
s a m p l in g .
®The lo w e s t  t e m p e r a t u r e  w h ich  o c c u r r e d  one day  p r i o r  t o  s a m p l in g .
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T a b le  22 . The b e s t  v a r ia b le  m odel found i n  t h e  s t e p w is e  r e g r e s s i o n  
o f  A l w i t h  t e m p e r a t u r e  and s o i l  m o i s tu r e  v a r i a b l e s  in  
t h e  Blckham p a s t u r e .
L o c a t io n V a r i a b l e s  e n t e r e d R S q u a re r P ro b >  F
A S o i l  t e m p e r a t u r e 0 .2 3 3 7 0 .4 8 3 5 0 .0 7 0
B
S o i l  m o i s t u r e  
2  day  low a i r  t e m p e r a t u r e  
S o i l  m o i s t u r e 0 .2046 0 .4 5 2 3 * 0 . 0 1 2
C S o i l  t e m p e r a t u r e
A i r  t e m p e r a t u r e  h ig h  
(7 d a y  a v e ) 0 .3 1 0 7
**
0 .5 5 7 4 0 .0 0 9
D S o i l  t e m p e r a t u r e
A i r  t e m p e r a t u r e  h ig h  
(7 d a y  a v e ) 0 .2 5 0 8 0 .5 0 0 8 * 0 . 0 2 0
* f * * ( * * * ,  d e n o te  s i g n i f i c a n c e  a t  t h e  5 ,  1 , and  0 .17 . l e v e l
r e s p e c t i v e l y .
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T a b le  2 3 .  The b e s t  v a r i a b l e  m ode l fo u n d  I n  t h e  s t e p w i s e  r e g r e s s i o n
o f  A l w i t h  a l l  v a r i a b l e s  o f  t e m p e r a t u r e ,  s o i l  m o i s t u r e ,  and  
f o r a g e  m i n e r a l  c o n c e n t r a t i o n s  m e a s u re d  In  t h e  B lckham  
p a s t u r e .
L o c a t i o n V a r i a b l e s  e n t e r e d R S q u a re r P r o b >  F





0 .9 2 0 .9 6 * * * 0 . 0 0 1
B Mn
Ca
7 d a y  low a v e r a g e ( a i r tem p)
0 .7 7 0 . 8 8 *** 0 . 0 0 1
C P
K
S o i l  m o i s t u r e 0 .7 5 0 .8 7 * * * 0 . 0 0 1
D Mn
7 d ay  low a v e r a g e ( a i r tem p) 0 .6 2 0 .7 9 * * * 0 . 0 0 1
** **» *** d e n o t e  s i g n i f i c a n c e  a t  t h e  5 ,  1 ,  and  0 .1 Z  l e v e l  
r e s p e c t 1 v e l y .
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e f f e c t i v e  I n  rem o v in g  Mg from  s o l u t i o n  a s  shown i n  T a b le  2 4 .  Mean 
d i f f e r e n c e s  due  t o  A l a d d i t i o n s  w e re  h i g h l y  s i g n i f i c a n t  ( P ^ O . O l )  i n  
e a c h  o f  t h e  t h r e e  c o m b in a t io n s  o f  r y e g r a s s , rum en f l u i d , and b u f f e r  
s o l u t i o n ,  d i f f e r i n g  b o th  from  t h e  c o n t r o l  and t h e  two Mn t r e a t m e n t s .  
A d d i t i o n  o f  t h e  h i g h  an d  low l e v e l s  o f  A l t o  t h e  r y e g r a s s - r u r a e n  f l u i d *  
b u f f e r  s o l u t i o n  c o m b in a t io n  rem oved  47 a n d  567. o f  t h e  Mg from  s o l u t i o n ,  
r e s p e c t i v e l y .  The tw o  l e v e l s  o f  a d d ed  A l g a v e  r e s u l t s  t h a t  w e re  s i g ­
n i f i c a n t l y  d i f f e r e n t  f rom  e a c h  o t h e r  e x c e p t  when a d d ed  t o  t h e  b u f f e r  
s o l u t i o n  o n l y .  A d d i t i o n  o f  A l  p l u s  Mn w as no  m ore e f f e c t i v e  i n  r e d u c ­
in g  Mg s o l u b i l i t y  t h a n  t h e  a d d i t i o n  o f  A l a l o n e .
The a d d i t i o n  o f  A l t o  t h e  i n  v i t r o  s y s te m s  had  e v e n  g r e a t e r
e f f e c t s  on  Ca s o l u b i l i t y  t h a n  i t  had  on Mg s o l u b i l i t y .  The low and
h i g h  l e v e l s  o f  a d d ed  A l i n  t h e  r y e g r a s s - r u m e n  f l u l d - b u f f e r  s o l u t i o n  
c o m b in a t io n  rem oved 64  a n d  74% o f  t h e  Ca from  s o l u t i o n ,  r e s p e c t i v e l y .  
B o th  l e v e l s  o f  a d d ed  A l s i g n i f i c a n t l y  r e d u c e d  Ca s o l u b i l i t y  i n  e a c h  
c o m b in a t io n  o f  r y e g r a s s ,  rumen f l u i d ,  an d  b u f f e r  s o l u t i o n .  E f f e c t s  o f  
l e v e l s  o f  A l d i f f e r e d  from  e a c h  o t h e r  o n l y  i n  t h e  f i r s t  c o m b i n a t i o n .
I n  t h e  s e c o n d  and  t h i r d  c o m b i n a t i o n s ,  n e a r l y  a l l  Ca was rem oved from  
s o l u t i o n  by  e a c h  l e v e l  o f  a d d ed  A l .
The a d d i t i o n  o f  Mn t o  t h e  i n  v i t r o  s y s te m s  s i g n i f i c a n t l y  r e d u c e d
Mg s o l u b i l i t y  o n ly  when a d d ed  t o  t u b e s  c o n t a i n i n g  r y e g r a s s ,  rum en f l u i d ,
an d  b u f f e r  s o l u t i o n .  I n  t h a t  s y s t e m ,  e a c h  l e v e l  o f  a d d ed  Mn s i g n i f i ­
c a n t l y  r e d u c e d  Mg s o l u b i l i t y .  The h i g h  l e v e l  o f  a d d ed  Mn re d u c e d  Mg 
s o l u b i l i t y  (40%) m ore  t h a n  t h e  low l e v e l  o f  Mn (377 .) , b u t  l e s s  t h a n  t h e  
low l e v e l  o f  a d d ed  A l (47% ). A d d i t i o n s  o f  Mn re d u c e d  Ca s o l u b i l i t y  i n  
e a c h  o f  t h e  t h r e e  i n  v i t r o  s y s te m s  t e s t e d .  H ow ever, t h e  two l e v e l s  o f
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T a b le  2 4 .  The I n f l u e n c e  o f  A l an d  Mn on t h e  s o l u b i l i t y  o f  Mg and Ca 
i n  c o m b in a t io n s  o f  r y e g r a s s , rum en f l u i d  and  b u f f e r  
s o l u t i o n  d u r i n g  i n - v i t r o  i n c u b a t i o n .
T r e a tm e n t R y e g r a s s , rumen Rumen f l u i d B u f f e r
f l u i d  and  b u f f e r and  b u f f e r
Mg Ca Mg Ca Mg Ca
ppm
c o n t r o l 3 5 .5 0 a * 2 0 .7 0 a 8 .8 5 a 7 .8 5 a 2 .9 5 1 .5 5 a
Mn (1 ) 2 2 . 2 0 b 1 1 .9 5 b 8 .2 5 a 6 .3 0 b 2 .8 0 a 0 .4 5 b
Mn (2 ) 2 1 .4 5 c 1 0 .9 5 c 8 .3 5 a 6 .2 5 b 2 .9 5 a 0 .5 5 b
A l (1 ) 1 8 .90d 7 .4 5 d 5 .4 5 b 3 .1 0 c 0 . 9 0 b 0 . 0 0 b
Mn +  Al ( 1 ) 1 8 . 70d 7 , 05d 5 .8 5 b 3 .4 5 c 0 .7 5 b 0 . 0 0 b
A l (2 ) 1 5 .6 5 e 5 .3 5 c 4 .2 5 c 2 .7 5 c 0 .6 0 b 0 . 0 0 b
Mn + Al ( 2 ) 1 5 .8 0 e 4 .8 0 c 4 .4 0 c 2 .3 5 c 0 .6 0 b 0 . 0 0 b
*  Means w i t h i n  co lum ns f o l l o w e d  by  t h e  same s u b s c r i p t  do  n o t  d i f f e r  
s i g n i f i c a n t l y  a t  t h e  1% l e v e l  a c c o r d i n g  t o  D u n c a n 's  New M u l t i p l e  
Range T e s t .
Mn d i f f e r e d  s i g n i f i c a n t l y  i n  t h e i r  r e d u c t i o n  o f  Ca s o l u b i l i t y  (42 and  
47% ), o n ly  when a d d ed  t o  t h e  s y s te m  c o n t a i n i n g  r y e g r a s s ,  rum en f l u i d ,  
and  b u f f e r  s o l u t i o n  ( F ^ O . O S ) .  M anganese  t r e a t m e n t  e f f e c t s  on Ca s o l u ­
b i l i t y  d i f f e r e d  from  A l t r e a t m e n t  e f f e c t s  a t  t h e  17* l e v e l  i n  t h e  f i r s t  
tw o s y s te m s  and  a t  t h e  5% l e v e l  i n  t h e  t h i r d  s y s te m  t e s t e d .
G. £ n  V ivo  E x p e r im e n ts ,
1 .  P l a t u l a t e d  S t e e r s
The e f f e c t  o f  a d d ed  A l an d  Mn t o  t h e  rum en o f  f o u r  f i s t u l a t e d
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s t e e r s  i s  shown i n  F ig u r e  8 . Serisn Mg l e v e l s  d e c l i n e d  w i t h i n  24 h o u rs  
a f t e r  Al t r e a t m e n t s  b eg an  and c o n t in u e d  t o  f a l l  a t  t h e  same r a t e  o v e r  
t h e  f o u r - d a y  t r e a t m e n t  p e r i o d .  The r e s p o n s e  t o  b o th  A l and  Al p l u s  Mn 
was r a p i d  an d  c o n t i n u o u s .  T h e re  was no I n d i c a t i o n  o f  a  l e v e l i n g  o f f  o f  
r e s p o n s e  a t  th e  t im e  th e  t r e a t m e n t s  w e re  t e r m i n a t e d .  T r e a tm e n ts  w ere  
t e r m i n a t e d  i n  o r d e r  t o  a l l c w  t h e  a n im a l s  t o  r e c o v e r  so  t h a t  th e  L a t i n  
S q u a re  e x p e r im e n t  c o u ld  be r e p e a t e d  f o u r  t i m e s .  W ith in  t w e n t y - f o u r  
h o u r s  a f t e r  t r e a t m e n t s  w ere  d i s c o n t i n u e d  serum  Mg l e v e l s  b eg an  a  r a p i d  
r e t u r n  t o  n o rm a l .  The e f f e c t s  o f  Al t r e a t m e n t  w ere  th e  same w i th  o r  
w i t h o u t  t h e  a d d i t i o n  o f  Mn. A lth o u g h  n o t  shown i n  F ig u r e  8 , Che serum  
Mg l e v e l s  f o r  t h e  A l -  and  A l p l u s  M n - t r e a t e d  s t e e r s  a t  t h e  end  o f  t h e  
n i n t h  d ay  w ere  1 7 .44  and  1 7 .7 1  ppm, r e s p e c t i v e l y .  At t h a t  p o i n t  b lo o d  
l e v e l s  w ere  no l o n g e r  s i g n i f i c a n t l y  d i f f e r e n t  f rom  th e  c o n t r o l s .
A d ro p  i n  serum  Mg u n d e r  no rm al c o n d i t i o n s  I s  c o u n t e r b a l a n c e d  
by a c o n c o m i ta n t  r i s e  i n  serum  Ca. A c o n t in u e d  f a l l  i n  serum  Mg a p p e a r s  
t o  a f f e c t  Ca b a l a n c e  h o w e v er ,  and  r e s u l t  I n  a  f a l l  In  serum  Ca l e v e l s  
a l s o .  C l i n i c a l  symptoms o f  g r a s s  t e t a n y  a r e  o f t e n  n o te d  t o  o c c u r  a t  
t h a t  p o i n t .  The t r e a t m e n t  p e r i o d  o f  t h i s  e x p e r im e n t  was p r o b a b ly  n o t  
lo n g  enough  t o  i n t e r r u p t  Ca b a l a n c e .  V i s i b l e  c l i n i c a l  symptoms o f  
hypom agnesem ias i n  t h e s e  a n im a ls  w ere  l i m i t e d  t o  l o s s  o f  a p p e t i t e  and 
g r i n d i n g  o f  t h e  t e e t h .  S l i g h t  s h i v e r i n g  was n o te d  o c c a s i o n a l l y  b u t  t h i s  
may have  b e e n  due t o  t h e  c o ld  w e a th e r  and  low f e e d  i n t a k e .
Rumen f l u i d  A l l e v e l s  w ere  found  u n d e r  no rm al c o n d i t i o n s  t o  be 
l e s s  th a n  1 ppm o r  u n d e t e c t a b l e  i n  t h i s  e x p e r i m e n t . I n t r o d u c i n g  A l i n t o  
t h e  r u n e n  d r a m a t i c a l l y  i n c r e a s e d  th e  amount o f  s o l u a b l e  Al ( F ig u r e  9 ) .  
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f i s t u l a t e d  s t e e r s .
74
t o  t h e  r e t u r n  o f  s e r u n  Mg t o  a  no rm al l e v e l .  The rumen f l u i d  c o n c e n ­
t r a t i o n  o f  Mg, Ca, A l ,  and Mn was h i g h l y  v a r i a b l e  due t o  t h e  e f f e c t s  o f  
v a r i a t i o n  i n  a n im a l  i n t a k e  o f  fe e d  and  w a t e r .  No a t t e m p t  was made t o  
a d j u s t  t h e  v a l u e s  t o  co m p en sa te  f o r  t h i s  s o u rc e  o f  v a r i a t i o n .
Rumen f l u i d  pH v a l u e s  w ere  found  t o  r a n g e  from 6 . 7 - 7 . 0  i n  c o n t r o l  
an im als . Mn had no a p p a r e n t  e f f e c t  on rumen f l u i d  pH. Aluminum t r e a t ­
ment g e n e r a l l y  te n d e d  t o  r a i s e  pH v a l u e s  t o  a  r a n g e  o f  7 .1  t o  8 . 1 .  
H owever, pH v a l u e s  d ro p p e d  a s  low a s  4 . 5  i n  one a n im a l  t r e a t e d  w i t h  b o th  
A l and  Mn d u r in g  one r e p l i c a t i o n  o f  t h i s  e x p e r im e n t .  T h is  p a r t i c u l a r  
a n im a l  c e a s e d  t o  c o n su n e  b o th  f e e d  and  w a t e r .
2 .  L a c t a t i n g  Cows
The r e s u l t s  o b t a in e d  from a d m i n i s t e r i n g  A l and Mn t o  l a c t a t i n g  
cows i s  p r e s e n t e d  i n  F ig u r e  10 . S an aa  Mg l e v e l s  i n  c o n t r o l  a n im a ls  
g e n e r a l l y  i n c r e a s e d  d u r in g  t h e  e x p e r i m e n t a l  p e r i o d .  T w e n ty - f o u r  h o u r s  
a f t e r  t r e a t m e n t  b e g a n ,  serum  Mg i n  t h e  c o n t r o l  a n im a l s  w ere  s i g n i f i ­
c a n t l y  h i g h e r  th a n  i n  e i t h e r  g ro u p  t r e a t e d  w i th  A l , ' a n d  rem a in ed  h i g h e r  
t h r o u g h o u t  t h e  e n t i r e  t e s t  p e r i o d  L. £\D.(0.01). The g ro u p  r e c e i v i n g  Al 
and  Mn e x h i b i t e d  s i g n i f i c a n t l y  lo w er  serum  Mg on th e  l a s t  day  o f  t r e a t ­
m ent (day  5 )  and  a g a i n  on th e  l a s t  day  o f  th e  e x p e r im e n t  (d ay  8 ) th a n  
d id  th e  g ro u p  r e c e i v i n g  Al o n l y .  The im m ed ia te  f a l l  and  r e c o v e r y  o f  
se rum  Mg i n  r e s p o n s e  t o  a d m i n i s t e r e d  A l an d  Mn was n o t  o b s e r v e d  i n  th e  
cow s, h o w e v er ,  a s  i t  was i n  f i s t u l a t e d  s t e e r s .  The l a c k  o f  im m ed ia te  
r e s p o n s e  may be due t o  d i f f e r e n c e s  i n  t h e  t e c h n i q u e  o f  d o s i n g .  P l a c e ­
m ent o f  t h e  A l i n t o  t h e  v e n t r a l  s a c  v i a  rumen c a n n u l a r  d i r e c t l y  i n t o  
t h e  rumen f l u i d s  may have  i n i t i a t e d  a  q u i c k e r  r e s p o n s e  th a n  d r e n c h in g  
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d i f f e r e n t l y  du e  t o  t h e  d i f f e r e n t  p h y s i o l o g i c a l  s t a t u s  and  t o  t h e  l a c k  
o f  r e s t r i c t i o n  on d i e t a r y  i n t a k e .
B o th  A l - t r e a t e d  g ro u p s  showed a  s h a r p  d ro p  i n  se rum  Mg d u r i n g  
t h e  l a s t  24 h o u r s  o f  t h e  t e s t  p e r i o d .  W h e th e r  o r  n o t  t h i s  was th e  
b e g i n n i n g  o f  a  d e l a y e d  e f f e c t  o f  Al l e v e l s  w i t h i n  t h e  rumen i s  n o t  known 
s i n c e  no  rum en f l u i d  s a m p le s  w e re  o b t a i n e d .  P ro b lem s  e n c o u n t e r e d  w i t h  
se r ian  a n a l y s i s  t e c h n i q u e  a l s o  u n d o u b te d ly  e f f e c t e d  t h e  r e s u l t s  o b t a i n e d  
fro m  t h i s  e x p e r i m e n t .  A n a l y s i s  o f  t h e s e  s a m p le s  was b eg u n  u s i n g  a  1 :11  
serum  d i l u t i o n  w i t h  d i s t i l l e d  w a t e r .  T h i s  t e c h n i q u e  p ro d u c e d  u n s t a b l e  
r e a d i n g s  by  a to m ic  a b s o r p t i o n  s p e c t r o s c o p h y . B e g in n in g  on d a y  4 
s a m p le s  w ere  f r o z e n  u n t i l  a m ethod  was d e v e lo p e d  u s in g  57. HC1 i n  d i s ­
t i l l e d  w a t e r  f o r  d i l u t i o n .  S am ples  f o r  t h e  r e m a in d e r  o f  t h e  e x p e r im e n t  
w e re  t h e n  thaw ed  and  a n a l y z e d  by  t h e  new t e c h n i q u e ,  T h i s  m ethod 
r e s u l t e d  I n  s t a b l e  b u t  s l i g h t l y  h i g h e r  a n a l y s i s  v a l u e s  (A ppend ix  T a b le  
2 7 ) .  Two sa m p le s  w ere  l o s t  du e  t o  b r e a k a g e  i n  t h e  f r e e z i n g  p r o c e s s .
DISCUSSION
G ra s s  t e t a n y  o c c u r r e d  I n  d i f f e r e n t  g e o g r a p h i c a l  l o c a t i o n s  i n ­
c l u d i n g  tw o s t a t e s .  P a s t u r e s  w ere  on a  m a sh e r  o f  d i f f e r e n t  s o i l s  and  
w e re  com posed o f  d i f f e r e n t  s p e c i e s  o f  f o r a g e  p l a n t s .  T e ta n y  o c c u r r e d  
i n  a n i m a l s  f e d  h a y  a s  w e l l  a s  p a s t u r e  and  i n  b o t h  p r e -  a n d  p o s t -  
p a r t u r i e n t  c a t t l e  t h a t  r e p r e s e n t e d  s e v e r a l  b r e e d s  and  c r o s s b r e e d s .
The o n ly  f a c t o r  cossson t o  a l l  c a s e s  was h i g h  A l  a c c u m u l a t i o n s  i n  t h e  
rum en c o n t e n t s .  A re a s  o f  h ig h  f o r a g e  A l a c c u m u l a t i o n  w ere  f r e q u e n t l y  
a s s o c i a t e d  w i t h  h ig h  s o i l  m o i s t u r e  l e v e l s ,  a n  e f f e c t  f u r t h e r  d o cum en ted  
i n  g r e e n h o u s e  e x p e r i m e n t s .  G row th  cham ber s t u d i e s  showed t h a t  t e m p e r a ­
t u r e  a l o n e  a ' f f e c t e d  f o r a g e  A l c o n c e n t r a t i o n s ,  b u t  t h e  e f f e c t  was m ore 
p ro n o u n c e d  on ponded  th a n  on a e r a t e d  s o i l s .  The f o u r  s i t e s  i n  t h e  
B lckham  p a s t u r e  w e re  s u b j e c t e d  t o  e s s e n t i a l l y  t h e  same t e m p e r a t u r e  c o n ­
d i t i o n s  b u t  A l a c c u m u l a t i o n  was two o r  m ore t i m e s  h i g h e r  u n d e r  ponded  
c o n d i t i o n s  t h a n  n o n -p o n d e d  c o n d i t i o n s .  I t  was c o n c lu d e d  t h a t  Al 
a c c u m u l a t i o n  was I n f l u e n c e d  by  b o th  m o i s t u r e  and  t e m p e r a t u r e  b u t  th e  
e f f e c t  was g r e a t e r  u n d e r  t h e  com bined  i n f l u e n c e  o f  b o th  f a c t o r s .
S o i l  pH a p p e a r e d  t o  hav e  no  r e l a t i o n s h i p  t o  f o r a g e  Al accum u­
l a t i o n s .  P l a n t s  a c c u m u la te d  h i g h  A l  l e v e l s  on b o t h  a c i d  and  a l k a l i n e  
a o l l s .  T h i s  i s  i n  c o n t r a s t  t o  g e n e r a l l y  a c c e p t e d  c o n c e p t s  c o n c e r n i n g  
pH an d  Eh o r  o x i d a t i o n - r e d u c t i o n  e f f e c t s  on  A l a c t i v i t y .
The s i t u a t i o n  w h ic h  a l l o w s  h i g h  l e v e l s  o f  A l  t o  e n t e r  t h e  
p l a n t  may be a  s o i l  e f f e c t  w h ic h  b r i n g s  l a r g e  q u a n t i t i e s  o f  Al i n t o  an  
" a v a i l a b l e "  s t a t e .  I t  may a l s o  be a  p l a n t  e f f e c t  w h ic h  a l l o w s  th e  
n o r m a l l y  e x c lu d e d  A l t o  e n t e r  t h e  p l a n t  i n  l a r g e  q u a n t i t i e s .  The
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p o s s i b i l i t y  a l s o  e x i s t s  t h a t  i t  i s  t h e  r e s u l t  o f  i n f l u e n c e s  w h ich  c a u s e  
e i t h e r  t h e  p r o l i f e r a t i o n  o r  e x c l u s i o n  o f  c e r t a i n  m ic r o o r g a n is m ,  t h e r e b y  
a l l o w i n g  t h e  u p ta k e  o f  A l by t h e  p l a n t .
The pH m easu red  I n  t h e  s o i l  sam p les  may b e a r  l i t t l e  r e s e m -  
b l a n c e  t o  t h e  pH o f  t h e  r o o t  s u r f a c e  s o r p t i o n  z o n e .  The pH i n  t h i s  
m in u te  a r e a ,  a f f e c t e d  by  m o c ro o rg an ism s  and th e  p l a n t  r o o t  i t s e l f ,  may 
w e l l  be  t h e  c r i t i c a l  pH i n  A l a c c u m u la t io n  ( 4 5 ) .  I t  I s  d o u b t f u l  i f  
t h i s  a lo n e  i s  th e  e x p l a n a t i o n  a l t h o u g h  i t  may be an  I m p o r ta n t  p a r t  o f  
t h e  t o t a l  p i c t u r e .  The r e d u c in g  c o n d i t i o n s  and  c o ld  t e m p e r a t u r e s  u n d e r  
w hich  t h i s  phenomena o c c u r s  may a l s o  e f f e c t  p l a n t  u p ta k e  m echan ism s . 
R e s p i r a t i o n  i s  a p p a r e n t l y  e s s e n t i a l  f o r  m a i n t a i n i n g  d i f f e r e n t i a l  
membrane p e r m e a b i l i t y  and  t h e  r a t e  o f  r e s p i r a t i o n  c a n  be re d u c e d  by b o th  
low oxygen and  low t e m p e r a t u r e .  T h is  e f f e c t  may a c c o u n t  f o r  th e  d i f f e r ­
e n c e  i n  A l u p ta k e  b e tw een  ponded and s a t u r a t e d  m o i s t u r e  c o n d i t i o n s .
Under s a t u r a t e d  c o n d i t i o n s  t h e r e  c o u ld  s t i l l  be  p o c k e ts  o f  a e r a t i o n  
w h i le  ponded c o n d i t i o n s  s h o u ld  e x c lu d e  more t o t a l  o xygen . T h i s  e f f e c t  
on membrane p e r m e a b i l i t y  c o u ld  a l s o  e x p l a i n  why Al c o n c e n t r a t i o n s  i n ­
c r e a s e d  i n  r e s p o n s e  t o  t e m p e r a t u r e  u n d e r  b o th  r e d u c in g  and  o x i d i z i n g  
c o n d i t i o n s .
U n d o u b te d ly , o n  a s p e c t  o f  g r a s s  t e t a n y  i s  re d u c e d  Mg u p ta k e  
w h ic h  I n v o l v e s  m ic r o o r g a n is m s .  The d e p r e s s i o n  o f  Mg a c c u m u la t io n  by 
p l a n t s  u n d e r  c o n d i t i o n s  o f  low s o i l  oxygen may be due  i n  p a r t  t o  t h e  
e x c l u s i o n  o f  s p e c i f i c  m ic r o b e s .  E n d o m y c o r rh iz a l  f u n g i ,  w h ich  a r e  th o u g h t  
t o  i n c r e a s e  Mg u p t a k e ,  a r e  e x c lu d e d  u n d e r  r e d u c in g  c o n d i t i o n s .  N i t r o g e n  
i n  t h e  n i t r a t e  form u n d e rg o e s  m i c r o b i a l  d e n i t r i f i c a t i o n .  Amnonium io n s  
a r e  known t o  d e p r e s s  Mg u p ta k e  w h i le  NO3  a s  w e l l  a s  PO4  and  SO4  i o n s  a r e
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known t o  en h an c e  i t .  The SO4  compounds w ould  a l s o  u n d e rg o  m i c r o b i a l  
r e d u c t i o n  u n d e r  h ig h  m o i s t u r e  c o n d i t i o n s .  R educ ing  c o n d i t i o n s  f a v o r  
m i c r o b i a l  c o n v e r s i o n  o f  Mn"^ t o  t h e  m ore s o l u b l e  Mn"*  ̂ fo rm . T h is  
c o n v e r s i o n  may f u r t h e r  r e d u c e  Mg u p ta k e  by p l a n t s  i n  t h e  m anner d e ­
s c r i b e d  by  M aas, e t  a l .  ( 5 6 ) .  The r o l e  m ic ro o rg a n is m s  p l a y  i n  Al 
a c c u m u la t io n  i s  y e t  t o  be  s e e n .
H igh l e v e l s  o f  A l a r e  o f t e n  e x p r e s s e d  a s  a  p h o s p h a te  d e f i ­
c i e n c y  due  t o  a  d e p r e s s i o n  o f  P a b s o r p t i o n  and t r a n a l o c a t i o n  w i t h i n  t h e  
p l a n t .  H ow ever, symptoms o f  PO4  d e f i c i e n c y  w ere  n o t  found i n  t e t a n y  
p a s t u r e s ,  e v en  i n  t h e  a r e a  w here  p l a n t s  c o n t a i n e d  o v e r  1 4 ,0 0 0  ppm A l .  
T h i s  r e s u l t  i n d i c a t e s  t h e  A l was n o t  p r e d o m in a t e ly  i n  t h e  PO4  fo rm .
One m echanism  t h a t  some A l - t o l e r a n t  s p e c i e s  em ploy  i s  an  o r g a n ic  a c i d  
b u f f e r  s y s te m .  Alisninum i n  t h e  form  o f  s e v e r a l  o r g a n i c  a c i d s  h a s  been  
shown t o  e x i s t  i n  c e r t a i n  p l a n t s .  H igh l e v e l s  o f  c i t r i c  an d  t r a n s -  
a c o n i t a t e  hav e  b e e n  s t u d i e s  i n  r e l a t i o n  t o  g r a s a  t e t a n y .  The form  i n  
w h ic h  Al i s  I n g e s t e d  by th e  a n im a l  may be I m p o r ta n t  t o  i t s  e f f e c t  on 
t h e  a n im a l .
A lus inum  i n g e s t e d  by r u m in a n t s  c o u ld  e f f e c t  Mg b a la n c e  i n  a t  
l e a s t  f o u r  p o s s i b l e  w ay s .  The f i r s t ,  a s  shown i n  t h e  i n  v i t r o  s t u d y ,  
by r e d u c i n g  Mg s o l u b i l i t y ,  t h e r e b y  r e n d e r i n g  i t  u n a v a i l a b l e  f o r  a b s o r p ­
t i o n .  R um inants  a r e  h i g h l y  d e p e n d e n t  upon a b s o r p t i o n  f o r  m a in te n a n c e  o f  
Mg b a l a n c e .  The seco n d  p o s s i b i l i t y  i s  t h a t  A l i s  t o x i c  t o  rumen m ic r o ­
o rg a n is m s  and  i s  a  d e t e r e n t  t o  m i c r o b i a l  d e c o m p o s i t io n  o f  I n g e s t e d  fe e d  
and th u s  l i m i t s  t h e  amount o f  Mg b r o u g h t  i n t o  s o l u t i o n .  A t h i r d  p o s s i ­
b i l i t y  e x i s t s  i n  an  I n t e r f e r e n c e  w i t h  t h e  a b s o r p t i v e  m echanism  o r  
m echanism s f o r  Mg w i t h i n  t h e  rumen m u co sa .  W h a tev e r  t h e  m echan ism s
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i n v o l v e d ,  Mg a b s o r p t i o n  I s  n o t  t h o u g h t  t o  be a t t r i b u t a b l e  t o  p a s s i v e  
a b s o r p t i o n .  The f o u r t h  p o s s i b i l i t y  i s  t h a t  a t  h ig h  l e v e l s  o f  A l i n t a k e ,  
a b s o r p t i o n  o f  A l i t s e l f  may o c c u r .  A bso rbed  e x c e s s i v e  A l h a s  b e en  shown 
t o  I n t e r f e r e  w i th  g l y c o l y s i s .  I n  f a c t ,  k e t o s l s ,  w h ich  r e s u l t s  from  th e  
a c c u m u la t io n  o f  two c a rb o n  f r a g m e n ts  from  f a t  c a t a b o l i s m  due t o  a  b r e a k ­
down i n  g l y c o l y s i s ,  i s  o f t e n  n o te d  t o  accom pany c a s e s  o f  g r a s s  t e t a n y .
I t  may be  t h a t  t h e  im n e d la t e  e f f e c t  o f  e x c e s s  I n g e s t e d  A l i s  th r o u g h  
p e r c i p i t a t l o n  o f  Mg i n  t h e  rum en , r e s u l t i n g  i n  a  r a p i d  d e c l i n e  o f  serum  
Mg l e v e l s .  A r e s p o n s e  was s e e n  w i t h i n  24 h o u r s  a f t e r  A l was a d m i n i s ­
t e r e d  i n  t h e  f l s t u l a t e d  s t e e r s .  The o n s e t  o f  c l i n i c a l  t e t a n y  sym ptom s, 
h o w e v e r ,  may w a i t  u n t i l  t h e  Ca b a la n c e  i s  a l s o  a f f e c t e d .  M a g n e s iw  
a p p a r e n t l y  f a c i l i t a t e s  th e  r e l e a s e  o f  Ca from b o n es  i n  t h e  p r e s e n c e  o f  
a d e q u a te  am oun ts  o f  v i t a m i n  D and PTH. An a b s o l u t e  l a c k  o f  Mg, t h e n ,  
c o u ld  b r i n g  a b o u t  a  h y p o c a lc e m ic  c o n d i t i o n .  I t  i s  a l s o  p o s s i b l e  t h a t  
t h e  im p a i r e d  u s e  o f  t h e  Mg t h a t  i s  p r e s e n t  c o u ld  have  t h e  same r e s u l t s .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  b i o l o g i c a l  r e a c t i o n s  i n v o l v i n g  ATP and  
Mg a r e  th o u g h t  t o  be t a r g e t s  o f  e x c e s s  A l and t h a t  one o f  t h e  p r i n c i p a l  
s i t e s  o f  d e p o s i t i o n  o f  e x c e s s  A l i s  i n  b o n e .  I f  Ca m o b i l i z a t i o n  m echan­
ism s  became i m p a i r e d ,  th e n  a  much g r e a t e r  im p o r ta n c e  i s  p la c e d  upon Ca 
a b s o r p t i o n  f o r  m a in te n a n c e  o f  b a l a n c e .  C a lc ium  s o l u b i l i t y  was a f f e c t e d  
by t h e  p r e s e n c e  o f  A l e v en  more th a n  Mg i n  t h e  i n  v i t r o  w o rk .
M anganese c o u ld  become a  c o n t r i b u t i n g  f a c t o r  t o  t h i s  s y s te m  o f  
b a l a n c e s  th r o u g h  i t s  m i c r o b i a l  e f f e c t  on th e  d e p r e s s i o n  o f  VFA's and 
t h e  r e d u c t i o n  o f  c e l l u l o s e  d e c o m p o s i t i o n ,  w h ich  f u r t h e r  c o m p l i c a t e s  th e  
e n e r g y  s i t u a t i o n .  M anganese was a l s o  shown i n  v i t r o  t o  hav e  some a b i l i t y  
t o  remove Ca and p e r h a p s  Mg from  s o l u t i o n .  T h e re  i s  a l s o  a p o s s i b i l i t y
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f o r  d i r e c t  c o m p e t i t i o n  f o r  a b s o r p t i o n  s i t e s  b e tw e e n  Mn and  Mg w i t h i n  
t h e  rum en m u c o sa .
SUMMARY AND CONCLUSIONS 
An i n v e s t i g a t i o n  was c o n d u c te d  i n  p a s t u r e s  g r a z e d  by  a n im a ls  
d ia g n o s e d  t o  have  g r a s s  t e t a n y .  E lev e n  l o c a t i o n s  w ere  i n c lu d e d  i n  th e  
s t u d y ,  t e n  i n  L o u i s i a n a  and one i n  T e n n e s s e e .  C hem ica l a n a l y s i s  o f  th e  
f o r a g e  I n d i c a t e d  t h a t  p a s t u r e  f o r a g e s  w ere  g e n e r a l l y  low i n  Mg ( 0 . 2 OX)* 
c o n t a i n e d  l e s s  th a n  3X K, and  w ere  h ig h  i n  Al c o n c e n t r a t i o n s .  A lum inun 
v a l u e s  commonly ra n g e d  from 2 ,0 0 0  t o  8 ,0 0 0  ppm. One l o c a t i o n  was found 
t o  e x ce e d  1 4 ,5 0 0  ppm A l .  The a c c i m u l a t i o n  o f  A l d i d  n o t  o c c u r  u n i*  
fo rm ly  w i t h i n  p a s t u r e s ;  i n s t e a d  a  w ide  ra n g e  o f  c o n c e n t r a t i o n s  w ere  
found  among s am p lin g  s i t e s  w i t h i n  p a s t u r e s .  The m easu red  s o i l  pH 
v a l u e  a t  t h e  s i t e s  o f  h i g h e s t  A l a c c u m u la t io n  ra n g e d  from  5 . 1  t o  7 . 3  and 
d id  n o t  a p p e a r  t o  be a  r e l a t e d  f a c t o r .  E x c h a n g ea b le  A l i n  th e  s o i l  
s u r f a c e  h o r i z o n s  was n o t  d e t e c t e d .  H ig h e s t  f o r a g e  Al a c c u m u la t io n s  w ere  
o b s e r v e d  i n  t h e  w e t t e s t  a r e a s  o f  th e  p a s t u r e s .  C hem ica l a n a l y s i s  o f  
t h e  r tm e n  c o n ten ts  o f  a n im a ls  t h a t  d ie d  from  g r a s s  t e t a n y  r e v e a l e d  c o n ­
c e n t r a t i o n s  o f  Al more th a n  f i v e  t im e s  th e  c o n c e n t r a t i o n s  found  i n  
n o rm a l  f i s t u l a t e d  c a t t l e  g r a z i n g  n o n - t e t a n y  p a s t u r e s .
An i n v e s t i g a t i o n  was c o n d u c te d  t o  d e te r m in e  th e  e f f e c t  o f  P and 
d i f f e r e n t  s o u r c e s  o f  Mg on t h e  c o n c e n t r a t i o n  o f  Mg i n  f o r a g e  d r y  m a t t e r .  
The r e s u l t s  o f  t h i s  e x p e r im e n t  w ere  l i m i t e d  by  a  p ro lo n g e d  f a l l  d r o u g h t ,  
d e l a y e d  p a s t u r e  e s t a b l i s h e d ,  and  d e la y e d  f e r t i l i z e r  a p p l i c a t i o n ,  Under 
t h e  c o n d i t i o n s  o f  t h i s  e x p e r im e n t  P d i d  n o t  i n c r e a s e  t h e  Mg c o n c e n t r a ­
t i o n  i n  f o r a g e s .  A s i g n i f i c a n t  i n c r e a s e  i n  Mg c o n c e n t r a t i o n  was a c h ie v e d  
by MgSO^ a p p l i c a t i o n  a t  two o f  t h e  t h r e e  l o c a t i o n s .
A g re e n h o u s e  I n v e s t i g a t i o n  was c o n d u c te d  t o  d e te r m in e  t h e  e f f e c t s
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o f  two s o i l  m o i s t u r e  c o n d i t i o n s  (optimum and s a t u r a t e d )  and  End og one 
s p o r o c a r p s  m y c o r r h i z a l  f u n g i  on t h e  m i n e r a l  c o n c e n t r a t i o n s  i n  r y e g r a s s  
f o r a g e .  P l a n t s  i n o c u l a t e d  w i t h  f u n g i  d i d  n o t  d i f f e r  from  c o n t r o l s  i n  
m i n e r a l  c o n c e n t r a t i o n .  I n f e c t i o n  o f  c o n t r o l s  by n a t i v e  f u n g i  s t r a i n s  
was a s  e x t e n s i v e  a s  t h e  l e v e l  o f  i n f e c t i o n  I n  th e  i n o c u l a t e d  g ro u p .  
P l a n t s  grow n on s a t u r a t e d  s o i l s  c o n t a i n e d  no v i s i b l e  f u n g a l  hyphae  i n  
t h e i r  r o o t s  and  w ere  s i g n i f i c a n t l y  lo w er  i n  Mg and Ca and  h i g h e r  i n  Mn 
c o n c e n t r a t i o n  t h a n  c o n t r o l s .  I t  i s  s u g g e s te d  t h a t  t h e  a b se n c e  o f  f u n g i  
m ig h t  be a  c o n t r i b u t i n g  f a c t o r  t o  t h e  lo w er  o b s e rv e d  c o n c e n t r a t i o n s  o f  
Mg and Ca i n  t h e s e  p l a n t s .  No d i f f e r e n c e s  w ere  d e t e c t e d  i n  Al c o n c e n ­
t r a t i o n  among t h e s e  t h r e e  g ro u p s  o f  p l a n t s .
A sec o n d  g re e n h o u se  i n v e s t i g a t i o n  was c o n d u c te d  t o  f u r t h e r  
i n v e s t i g a t e  t h e  e f f e c t  o f  f i v e  s o i l  m o i s tu r e  c o n d i t i o n s  on m i n e r a l  c o n ­
c e n t r a t i o n s  i n  r y e g r a s s  f o r a g e .  P l a n t s  grown on ponded s o i l s  c o n t a i n e d  
h i g h e r  c o n c e n t r a t i o n s  o f  Al i n  t h e  f o r a g e  d r y  m a t t e r  t h a n  p l a n t s  grown 
a t  a n y  o f  t h e  d r i e r  s o i l  c o n d i t i o n s .  F o ra g e s  grown on ponded and 
s a t u r a t e d . s o i l s  c o n t a i n e d  more Mn and l e s s  Mg th a n  th o s e  grown on 
d r i e r  s o i l s .  No d i f f e r e n c e s  w ere  found  b e tw een  th e  two s o i l s  i n  t h e i r  
e f f e c t s  on f o r a g e  c o n c e n t r a t i o n s  o f  A l an d  Mg.
G row th cham ber s t u d i e s  w ere  c o n d u c te d  t o  i n v e s t i g a t e  th e  e f f e c t s  
o f  c o ld  t e m p e r a t u r e  e x p o s u re  on m i n e r a l  c o n c e n t r a t i o n s  i n  r y e g r a s s  f o l ­
lo w in g  a  r i s e  i n  t e m p e r a t u r e  above  14 C. T h is  e f f e c t  was i n v e s t i g a t e d  
u n d e r  two l e v e l s  o f  s o i l  m o i s tu r e  (ponded and 1 0 0  cm s u c t i o n )  and on two 
s o i l  t y p e s .  The c o l d e s t  t e m p e r a t u r e  was found  t o  r e s u l t  i n  th e  h i g h e s t  
a c c u m u la t io n  o f  Al d u r i n g  t h e  e i g h t  d ay s  f o l l o w i n g  a  r i s e  i n  t e m p e r a t u r e .  
Aluminum c o n c e n t r a t i o n s  w ere  h i g h e r  i n  f o r a g e s  grown on ponded s o i l s
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t h a n  i n  t h o s e  grown a t  100 cm o f  s u c t i o n .  I n  t h e  g ro w th  cham ber e x p e r i ­
m ent t h a t  was l e a s t  i n f l u e n c e d  by  m e c h a n ic a l  p r o b le m s ,  a  l i n e a r  i n c r e a s e  
I n  A l c o n c e n t r a t i o n  was o b s e r v e d  from  d a y  tw o th r o u g h  d a y  e i g h t  o f  th e  
s a m p l in g  p e r i o d .  M agnesium  c o n c e n t r a t i o n  p e ak e d  on d a y  f o u r  o f  t h e  
s a m p l in g  p e r i o d .  No s i g n i f i c a n t  d i f f e r e n c e  was fo u n d  b e tw e e n  t h e  two 
s o i l s  i n  t h e i r  e f f e c t  on  A l  and  Mg f o r a g e  c o n c e n t r a t i o n s .
F o r a g e  m i n e r a l  c o n c e n t r a t i o n s ,  s o i l  m o i s t u r e ,  s o i l  t e m p e r a t u r e  
and  a i r  t e m p e r a t u r e s  w ere  m o n i to r e d  t h r o u g h o u t  t h e  t e t a n y  s e a s o n  a t  f o u r  
s i t e s  w i t h i n  a  t e t a n y - p r o n e  p a s t u r e .  A lim lnum  c o n c e n t r a t i o n s  e x c e e d e d  
1 ,0 0 0  ppm a t  o n ly  one  s i t e .  T h i s  h i g h  c o n c e n t r a t i o n  o c c u r r e d  s e v e n  d a y s  
a f t e r  t h e  s o i l  t e m p e r a t u r e  r o s e  from  3 C t o  ab o v e  14 C and  w h i l e  t h e  
s o i l  w as  u n d e r  a  ponded  m o i s t u r e  c o n d i t i o n .  The o t h e r  t h r e e  l o c a t i o n s  
d i d  n o t  d e v e lo p  p o nded  c o n d i t i o n s  an d  w ere  r a r e l y  s a t u r a t e d .  The 
h i g h e s t  c o n c e n t r a t i o n s  o f  Al fo u n d  i n  f o r a g e  a t  a n y  o f  t h e  o t h e r  t h r e e  
l o c a t i o n s  w as 570  ppm.
^  iH  v i t r o  e x p e r im e n t  was c o n d u c te d  t o  d e t e r m i n e  t h e  e f f e c t s  
o f  a d d ed  A l and  Mn on t h e  s o l u b i l i t y  o f  Mg and  Ca i n  v a r i o u s  c o m b in a ­
t i o n s  o f  r y e g r a s s ,  rum en f l u i d  an d  b u f f e r  s o l u t i o n .  Aluminum re d u c e d  
Mg i n  s o l u t i o n  by  56% an d  Ca by  74% i n  t h e  c o m b in a t io n  o f  r y e g r a s s ,  
rumen f l u i d  a n d  b u f f e r  s o l u t i o n .  M anganese  r e d u c e d  Ca i n  s o l u t i o n  when 
a d d ed  a l o n e  b u t  had  n o  e f f e c t  on  Mg o r  Ca when a d d ed  w i t h  A l .
An i n  v i v o  e x p e r im e n t  was d e s i g n e d  t o  i n v e s t i g a t e  t h e  e f f e c t  
o f  I n g e s t e d  A l and  Mn on b lo o d  s e r i m  Mg an d  Ca i n  f i s t u l a t e d  s t e e r s .  
Serum Mg l e v e l s  i n  A l - t r e a t e d  s t e e r s  d ro p p e d  w i t h i n  24 h o u r s  a f t e r  
t r e a t m e n t  b e g a n  and  d e c l i n e d  32% by  t h e  end  o f  f o u r  d a y s .  A f t e r  t r e a t ­
m e n ts  w e re  d i s c o n t i n u e d  serum  Mg l e v e l s  r e t u r n e d  t o  n o r m a l .  M anganese
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had  n o  s i g n i f i c a n t  e f f e c t  on se ru m  Mg l e v e l .
A sec o n d  i n  v i v o  i n v e s t i g a t i o n  was c o n d u c te d  t o  d e t e r m i n e  th e  
e f f e c t s  o f  i n g e s t e d  A l and  Mn on serum  Mg and  Ca i n  l a c t a t i n g  co w s.
Serum Mg l e v e l s  i n  A l - t r e a t e d  cows w e re  s i g n i f i c a n t l y  lo w e r  th a n  
c o n t r o l s  24 h o u r s  a f t e r  t r e a t m e n t  b e g a n  and  re m a in e d  lo w e r  t h a n  th e  
c o n t r o l  g ro u p  u n t i l  t h e  e x p e r im e n t  was t e r m i n a t e d  a f t e r  e i g h t  d a y s .
C o n c l u s io n s
U n e x p e c te d ly  h i g h  l e v e l s  o f  A l w ere  found  t o  o c c u r  i n  p a s t u r e  
f o r a g e s  an d  rum en c o n t e n t s  w h e re  g r a s s  t e t a n y  was d i a g n o s e d .  The a r e a s  
o f  h i g h e s t  A l a c c u m u l a t i o n  a p p e a r e d  t o  o c c u r  u n d e r  c o n d i t i o n s  o f  h ig h  
s o i l  m o i s t u r e .  F o ra g e  A l c o n c e n t r a t i o n s  w e re  i n c r e a s e d  e x p e r i m e n t a l l y  
i n  r e s p o n s e  t o  low t e m p e r a t u r e s  and  h i g h  s o i l  m o i s t u r e s .  Aluminum 
d r a s t i c a l l y  r e d u c e d  th e  s o l u b i l i t y  o f  Mg an d  Ca i n  rum en f l u i d ,  r y e g r a s s  
an d  b u f f e r  s o l u t i o n  c o m b in a t io n s  i n  v i t r o . Aluminum i n t r o d u c e d  i n t o  
t h e  rum en o f  f l s t u l a t e d  s t e e r s  and  l a c t a t i n g  cows s i g n i f i c a n t l y  lo w e re d  
se ru m  Mg l e v e l s  w i t h i n  24 h o u r s .  B ased  on f i e l d ,  g r e e n h o u s e ,  g ro w th  
c h a m b e r ,  i n  v i t r o  and  a n im a l  r e s p o n s e s ,  i t  a p p e a r s  t h a t  A l i s  a c t i v e l y  
i n v o l v e d  i n  t h e  e t i o l o g y  o f  g r a s s  t e t a n y .  I f ,  i n d e e d ,  Mn i s  a  p a r t  o f  
t h e  p a t h o l o g y ,  i t s  r o l e  i s  m ore l i k e l y  t o  be t h a t  o f  a  c o n t r i b u t o r y  
f a c t o r .
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T a b le  25, The c h e m ic a l  a n a l y s i s  o f  f o r a g e  s a m p le s  c o l l e c t e d  i n  p a s t u r e s  
g r a z e d  by  a n im a l s  w i t h  a  d i a g n o s i s  o f  g r a s s  t e t a n y .
P a s t u r e S i t e A1 Mn Zn Na Ca Mg P K
ppm
1 1 3050 270 33 820 4150 1500 2850 2 . 8
2 4140 24 0 39 810 4650 1800 3100 2 . 6
3 3430 2 2 0 34 900 4500 1600 2750 3 ,3
2 1 980 380 26 64 0 2300 1 1 0 0 2700 2 . 4
2 1310 2 0 0 30 560 900 950 2800 2 . 4
3 2 2 0 0 1840 34 990 1400 1050 3100 2 . 6
3 1 720 170 16 28 0 2850 1050 1900 3 .0
2 1730 1 2 0 2 2 300 3550 1 1 0 0 2050 2 . 8
3 970 1 2 0 17 28 0 3350 1 2 0 0 2 2 0 0 3 .4
4 1 1240 1 0 0 24 590 2600 1350 2600 3 .1
2 1280 1 1 0 27 610 2300 1450 2950 2 . 9
3 1620 1 2 0 26 350 2450 1450 2700 3 .4
4 84 0 1 1 0 25 190 2850 1300 2900 2  . 6
5 1 410 1 0 0 27 710 4450 2550 5800 5 . 3
2 350 1 2 0 32 1420 4150 2650 5500 5 . 4
3 250 190 38 2580 4150 3100 4200 4 . 5
4 1090 140 31 930 3900 2400 4300 5 .2
5 770 160 29 1320 3400 2400 4600 4 . 2
6 47 0 1 1 0 40 2 0 2 0 4500 2650 4500 5 .8
7 1 2 0 0 180 28 2440 6250 2350 4450 4 . 9
8 970 170 38 710 3250 2 1 0 0 4900 5 ,7
9 860 90 29 2 9 0 0 4850 2950 4400 4 .2
1 0 65 0 1 2 0 31 1410 3800 2750 4600 3 .3
1 1 500 1 1 0 29 700 4050 2500 4700 5 .9
1 2 500 2 1 0 31 2130 4850 2950 4200 4 .5
6 1 290 62 0 2 1 930 4125 1400 2350 2  . 0
2 60 243 27 2420 3500 1950 2850 2 .3
3 2 1 0 326 25 320 5750 1800 3150 2 .7
4 70 187 29 1520 4375 2 1 0 0 4000 2 . 8
5 4 50 382 23 2150 4875 1800 2700 1 . 8
6 90 76 18 2090 5750 2 1 5 0 3050 2 . 4
7 1 1840 79 41 230 4500 1650 2550 1 . 1
2 4450 168 49 340 4750 2 2 5 0 3400 2 . 0
3 720 84 37 ----- 5500 1350 2750 1 .5
4 5080 127 46 140 4875 2 1 0 0 2900 1 .9
5 5040 1 1 8 ' 47 ----- 3875 1850 2300 1 . 0
6 5960 135 54 190 4750 2 4 5 0 3050 1 . 8
8 1 4730 268 35 550 4875 1450 3250 2 .5
2 4080 513 30 500 4375 1300 2400 1 .4
3 3870 262 31 250 5000 1400 3150 2 . 0
4 5670 559 28 1630 10375 1700 2450 2 . 2
5 6170 248 35 2540 5750 1750 2 0 0 0 1 .4
6 3730 522 32 760 4000 1400 2650 1 . 6
S o i l





s a t u r a t e d
s a t u r a t e d
ponded
s a t u r a t e d
w et
s a t u r a t e d
s a t u r a t e d
ponded
s a t u r a t e d
w et
w et
w e l l  d r a i n e d
w et
w e t




w e l l  d r a i n e d  
w e l l  d r a i n e d  
w e t 
w e t
4 7 .8 3
3 7 .9 5  
5 1 .3 0  
3 5 .5 9  
32 .08
2 7 .0 9  
5 1 .0 1  
5 8 .7 9
3 9 .9 6
6 3 .0 9  
4 7 .8 7  
6 3 .8 9
4 9 .8 3  
4 0 .6 7  
4 3 .9 8
7 1 .1 0  
4 1 .2 8  
3 4 .7 8
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Table 25 (continued)
P a s t u r e S i t e A1 Mn Zn Na Ca Mg P K
S o i l
M o is tu r e
ppm 1
9 1 1840 396 35 370 6000 1550 2950 1.5 3 9 .2 5
2 6330 871 35 920 3600 1900 2600 2 . 1 6 8 .1 6
3 2680 567 38 240 3800 1550 3250 2 . 2 3 7 .2 6
4 3240 354 27 840 4250 1450 2850 1 .7 3 4 .6 1
5 5290 256 30 890 6300 1450 2450 1 .3 4 2 .7 3
6 6780 242 34 1 1 0 0 3800 1850 2900 2 . 0 3 5 .5 0
1 0 1 4410 741 30 870 3875 1600 2850 2 .3 4 4 .9 0
2 1620 665 26 320 3650 1 2 0 0 3050 2 .5 4 2 .6 0
3 2380 347 25 1140 5000 1400 2750 2 . 1 3 4 .01
4 3430 304 2 2 1080 1125 1700 2500 2 .3 3 8 .31
5 3370 297 24 670 5625 1500 2500 2 . 2 4 6 .8 7
1 1 1 1420 1 0 0 - - •  Ok 2550 2 0 0 0 5500 3 .5 4 0 .4 3
2 14500 140 — ---------- 3600 3350 4450 2 .7 8 0 .1 4
3 620 90 — ---------- 2 1 0 0 1650 5400 3 .6 5 0 .2 1
4 2590 90 *  m ----- 2450 1900 4300 2 . 6 ---------
5 2280 80 - - ---- 1900 1650 3950 2 .9 5 9 .3 6
6 490 80 - - ---- 1700 1600 4650 3 .4 ---------
7 980 80 — ---------- 2150 1650 4000 3 .1 6 3 .2 1
8 530 90 - - ---------- 2 0 0 0 1600 4450 3 .6 ---------
1 2 1 190 300 33 ---------- 6100 1600 2 0 0 0 0 .9 ---------
2 4400 180 49 ---------- 5900 2025 2600 1 .4
3 190 2 0 0 31 ---------- 4450 1530 1950 1 . 1 ---------
4 180 340 45 ----- 6200 1925 2800 1 .3 -----
5 960 170 42 ---------- 6300 1545 2600 1 .5 ---------
6 280 2 0 0 37 3450 1420 2300 1 .4 ---------
7 890 2 0 0 42 ----- 4700 1590 1950 0 .9 -----
8 2 0 0 240 33 6100 1600 1950 0 . 8
9 240 320 34 6150 1665 2300 0 .9 -----
1 0 600 300 37 6650 1735 1850 0 .7
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T a b le  26. The c h e m ic a l  a n a l y s i s  o f  s o i l  sam p les  c o l l e c t e d  In  p a s t u r e s  
g r a z e d  by a n im a l s  w i t h  a d i a g n o s i s  o f  g r a s s  t e t a n y .
P a s t u r e S i t e
Bxdumgeable
A1 Mn Na Ca Mg P K PH
meq/lOOg ppm —
1 2 + ._++ 78 57 1 2 2 0 153 31 8 8 7 .0
2 1 — 134 69 500 1 2 0 177 181 5 .7
2 W  I B 77 6 8 630 175 229 134 6 . 0
3 - - 308 67 1 1 0 26 115 118 5 .1
3 1 - - 96 72 660 159 24 1 1 1 5 .6
2 -------- 37 74 1095 203 24 173 6 . 1
3 55 67 870 179 29 90 6 . 0
4 1 - - 25 58 1420 299 215 225 5 .4
2 - - 3 ; 6 6 1310 285 2 0 1 160 5 .5
3 — 28 72 1185 271 186 174 5 .2
4 - - 23 61 1445 279 234 258 5 .5
5 1 - - 19 47 1450 231 8 6 115 6 .7
2 13 45 980 180 8 6 119 6 .5
3 - - 32 42 620 123 115 84 5 .7
4 - - 28 45 1145 171 8 6 159 6 .3
5 44 40 650 108 115 181 5 .9
6 - - 26 46 1 1 2 0 136 105 132 6 . 2
7 53 43 1325 119 1 0 0 78 6 . 8
8 - - 49 46 1160 181 91 2 1 2 6 .5
9 2 0 49 1275 193 57 157 6 . 8
1 0 - - 15 43 910 151 76 142 6 .3
1 1 41 38 1040 142 62 137 6 .5
1 2 73 44 810 126 62 143 6 . 1
6 1 0 . 0 152 79 670 74 48 76 5 .9
2 0 . 0 71 61 940 96 55 72 5 .9
3 0 . 0 53 65 920 73 67 1 1 2 6 . 2
4 0 . 2 29 63 810 1 0 1 81 58 5 .8
5 0 . 0 99 61 630 38 41 41 6 . 2
6 0 . 0 17 70 1750 96 57 48 6 . 8
7 1 0 . 0 2 2 65 4000+ 870 249 412 6 . 0
2 0 . 0 2 1 74 4000+ 837 2 0 1 487 5 .8
3 0 . 0 18 64 4000+ 869 163 435 5 .9
4 0 . 0 31 65 4000+ 783 258 500+ 6 . 2
5 0 . 0 26 51 4000+ 873 165 448 6 . 0
6 0 . 0 1 2 61 4000+ 940 330+ 382 5 .7
8 1 0 . 0 60 8 8 1335 194 2 0 1 135 6 . 2
2 0 . 0 145 80 1245 114 76 109 6 . 8
3 0 . 0 63 55 2145 107 96 172 7 .2
4 0 . 0 1 1 0 84 1679 115 41 115 6 .7
5 0 . 0 47 62 2170 175 48 1 2 0 7 .3
6 0 . 0 142 59 1195 128 55 79 6 .5
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T a b le  26 ( c o n t i n u e d ) .
P a s t u r e S i t e
Exchangeable
A1 Mn Na Ca Mg P K pH
meq/LOOg
9 1 0 . 0 132 57 1090 99 81 96 6  .4
2 0 . 0 1 0 2 49 880 196 35 1 1 0 5 .6
3 0 . 1 92 48 710 75 143 2 1 1 5 .8
4 0 . 0 136 70 1310 87 67 145 7 .0
5 0 . 0 38 49 1335 125 31 81 6 . 9
6 0 . 0 52 61 2040 277 57 280 6 . 6
1 0 1 0 . 0 1 0 1 72 990 233 33 94 5 .6
2 0 . 0 164 65 850 118 57 131 6 . 6
3 0 . 0 144 57 2185 106 43 123 7 .6
4 0 . 0 69 77 1465 154 29 105 6 .7
5 0 . 0 69 1 0 0 1840 126 48 98 7 .1
1 1 1 0 . 0 33 61 2960 653 133 500+ 6 . 6
2 0 . 0 55 108 3950 755 300 500+ 6 . 8
3 0 . 0 4 0 56 3335 672 152 500+ 6 .5
5 0 . 0 56 71 3340 690 90 371 6 . 1
7 0 . 0 38 83 3385 689 109 305 6 . 4
1 2 +++
+  S i t e  num bers c o r r e s p o n d  t o  f o r a g e  sam p le  s i t e  num bers  i n  T a b le  2 5 . 
|  |
I n d i c a t e s  m i s s i n g  d a t a .
+++A nim als a t  t h i s  l o c a t i o n  w e re  on a  h a y  d i e t .
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T a b le  2 7 .  A n a l y s i s  o f  se rum  s a m p le s  from  l a c t a t i n g  cows u s i n g  two 
d i l u t i o n  t e c h n i q u e s .
d i s t i l l e d  w a t e r d i s t i l l e d  w a t e r  w i t h 57. HC1
Day A nim al No. Mg Ca Mg Ca
.ppm.
343 1 3 .2 0 8 8 . 0 0 - -
109 1 7 .2 7 8 1 .4 0 — - -
134 1 9 .3 6 9 1 .3 0 - - —
342 1 5 .4 0 7 1 .5 0 — —
236 1 3 .0 9 8 8 . 0 0 - -
328 1 7 .6 0 9 3 .5 0 - - —
6 8 8 2 0 . 6 8 8 6 .9 0 —
694 1 5 .9 5 8 1 .4 0 - - —
343 8 .1 4 8 3 .6 0 ■» - -
109 1 5 .1 8 8 3 .6 0 — —
134 1 7 .0 5 9 0 .2 0 - - - -
342 1 2 .7 6 7 8 .1 0 - -
236 9 .0 2 7 8 .1 0 H * - -
328 1 7 .4 9 8 8 . 0 0 - - —
6 8 8 1 7 .8 2 9 1 .3 0 ----- - -
69 4 1 4 .6 3 8 5 .8 0 - -
343 8 .0 3 7 9 .2 0 - -
109 1 4 .6 3 8 4 .7 0 - - —
134 1 3 .6 4 8 6 .9 0 ----- —
342 1 3 .4 2 7 3 .7 0 - -
236 8 .6 9 7 4 .8 0 - - - -
328 1 7 .9 3 8 4 .7 0 - -
6 8 8 1 9 .3 6 9 0 .2 0 - -
694 1 7 .6 0 8 3 .6 0  ■ - - * -4*
343 1 0 . 0 1 8 1 .4 0 1 0 .5 6 8 6 .9 0
109 1 5 .5 1 8 3 .6 0 1 6 .7 2 8 6 .9 0
134 1 2 .8 7 8 4 .7 0 1 3 .0 9 8 6 .9 0
342 1 4 .8 5 7 0 .4 0 1 5 .8 4 8 2 .5 0
236 1 0 .3 4 6 8 . 2 0 1 1 .5 5 8 0 .3 0
328 1 9 .3 6 7 5 .9 0 2 0 .2 4 8 4 .7 0
6 8 8 2 1 .8 9 9 0 .2 0 2 2 . 8 8 9 6 .8 0
694 1 9 .6 9 8 1 .4 0 2 1 .3 4 9 0 .2 0
343 8 .2 5 - - 9 .0 2 7 3 .7 0
109 1 3 .7 5 - - 1 5 .0 7 8 4 .7 0
134 1 0 .7 8 — 1 2 . 1 0 8 4 .7 0
342 1 4 .1 9 1 6 .5 0 7 5 .9 0
236 1 0 .6 7 - - 1 1 .4 4 7 9 .2 0
328 1 8 .3 7 - - —
6 8 8 2 0 .9 0 — 2 1 .2 3 5 9 .4 0
694 1 8 .9 2 - - 2 0 .9 0 8 9 .1 0
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Table 27 (continued)
d i s t i l l e d  w a te r d i s t i l l e d  w a t e r  w i th 57. HCl
Day Animal No. Mg Ca Mg Ca
ppm_
6 343 9 .7 9 --- 1 1 . 0 0 8 9 .1 0
109 1 4 .3 0 - - 1 5 .0 7 8 1 .4 0
134 11 .32 — - -
342 1 6 .61 --- 1 8 .4 8 8 6 .9 0
236 1 1 . 6 6 - - 1 2 . 2 1 8 1 .4 0
328 17 .82 — 2 0 . 0 2 8 0 .3 0
6 8 8 2 2 .9 9 --- 2 4 .7 5 1 0 2 .3 0
694 19 .58 --- 2 2 . 0 0 9 6 .8 0
7 343 1 3 .42 9 1 .3 0
109 --- - - 1 6 .3 9 8 6 .9 0
134 --- * m 1 7 .3 8 9 5 .7 0
342 --- - - 1 8 .4 8 8 6 .9 0
236 --- m v 13 .97 9 6 .8 0
328 - - - - 2 0 . 6 8 8 3 .6 0
6 8 8 --- - - 2 3 .3 2 9 7 .9 0
694 --- - - 2 3 .2 1 9 1 .3 0
8 343 - - - - 1 0 . 1 2 8 6 .9 0
109 --- - - 1 2 .6 5 9 2 .4 0
134 --- - - 1 0 .2 3 8 9 .1 0
342 --- — 1 6 .9 4 8 3 .6 0
236 - - - - 1 1 .9 9 8 5 .8 0
328 --- * * 1 6 .8 3 9 4 .6 0
6 8 8 --- - - 2 4 .3 1 9 5 .7 0
694 2 2 . 0 0 9 1 .3 0
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